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4 HE following Beanies is . 


fered to the Public, rather as Heads 
of an Eſſay on Heat, than as a com- 


pleat diſcuſſion of that curious ſub- 


Jet. 3 accurate knowledge af 


univerſal Chemiſtry can only be ob- 
tained by an attentive obſervation 

of the Effects of Heat and Mi ixture, 
the two grand objects of the ſcience. 
The order in which thoſe effects 
ought to be traced, is a matter of 
conſiderable importance. — In the 


following tract, they are arranged 


in ſuch manner as to form relations 


betwixt 
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1 PREFACE. 

| betwixt ſubjects, which otherwiſe 
might appear independant. — It is 
in this way, that ſeveral phæno- 
mena which: arrange under the head 
of ExyAaNs10N, become uſeful in 
explaining other phenomena refer- 
red to the article of rLUIDITY.— 
In like manner, FLUMITY\ ſeems 
naturally to precede that general cf. 
Fe which is denominated vapobn, 
as ſeveral appearances in the latter 
are explicable on the principles of ; 
the former, n 


The different theories that have 
OY imagined for ex plaining ſeve- 
ral intereſting facts which fall within 


"the - ora of his enquiry , the au- 
; thor 


» * 5 


— 


SE FACE. i 
thor has mentioned with reſpe&, 
and, where they are faulty, refuted 
them with candour. —In place of 
thoſe thus rejected he does not pre- 
ſume to offer any hypotheſis of his 
own; even that of latent heat, for 
which he muſt acknowledge him- - 
ſelf ſtrongly prepoſſeſſed, is not his 
property; being the invention of 
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the ingenious Dr. Black, profeſſor 
of Chemiſtry at Edinburgh—a man 

whoſe modeſty is even ſuperior to | 
his merit ! 


The ſecond part is meant as an 
illuſtration of Sir Iſaac Newton's 
theory of attraction, applied to 
chemical mixtures ; and the appen- 

dix 


dix contains a conciſe atcount of 
ſeveral veſſels employed in conduct- 
ing chemical operations, which 
may, perhaps, ſpare the reader the 
trouble and expence of having re- 


courſe to more bulky volumes. 
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M ANY vain and fruitleſs theories 

have been invented for aſſigning the cauſe 
of heat. Lord Verulam, in his Treatiſe 
De formd Calidi, aſcribes it to the motion or 

agitation of the parts of the body in which 

the heat is excited, or reſides. Thus, heat 

is procured by percuſſion, by friction, and 
by collifion ; in all which caſes, the phæ- 

nomena were explained upon mechanical 

principles. Mr. Boyle, Dr. Boerhaave, 

and other eminent philoſophers have im- 
proved upon this opinion of Lord Veru- 

lam. 
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2 GENERAL EFFECTS 


OrRHERS have aſcribed to heat a cauſe, 
which, though it explains many more of 
its effects, is ſtill to be reckoned fanciful 
and uncertain, They have ſuppoſed, that 
this quality or attribute of matter, is pro- 
duced by an agitation, not of the parts of 
the body itſelf, but of a ſubtile elaſtic fluid 
that ſurrounds all bodies, and is known 
among philoſophers by the name of Sir 
Iſaac Newton's æther, a ſubſtance which 
that great man conſidered as the caufe of 
electricity, magnetiſm, and a variety of 
other appearances. 


Bur, leaving theories which pretend to 
inveſtigate a cauſe as yet unknown, let us 
take a view of the more general effects of 
heat, beginning with ExpANSsTON, the 


ſimpleſt and moſt obvious. 


SECTION 


OF HEAT 
SECTION L 
EB X P A N 8.10 N: 


ALL bodies expand or dilate themſelves 
by heat, and contract by cold. A piece of 
iron heated, expands both in length and 
thickneſs : an uncompreſſible, unelaſtic 
fluid, as ſpirit of wine, ſuffers a ſimilar ex- 
panſion; and the elaſtic fluid of air is di- 
lated in like manner, as appears from the 
following ſimple experiment. . 


Hol p a half-blown bladder before a 
.moderate fire, the incloſed air gradually 
expands, by reaſon of the conſtant acceſ- 
fions of heat, and, at length, blows out 
the bladder to its utmoſt extent. Thus, 
not only denſe and ſolid bodies, but like- 
wile fluids, whether elaſtic or non-elaſtic, 
dilate themſelves when heated; we may, 


therefore, ſafely pronounce expanſion to be 
an univerſal effect of heat. 


B 2 ATTEMPTS 


„ GENERAL EFFECTS 


ATTEMPTS have been made to eſti- 
mate the proportionable expanſion of dif- 
ferent bodies in the ſame or different de- 
grees of heat: but the calculations on this 
ſubject are uncertain and inaccurate. In 
general, denſe bodies expand leaſt. Iron, 
intenſely heated, does not expand ſo much 
as the ſpirit of wine in a very moderate 
degree of heat. Air, an elaſtic fluid, ex- 
pands moſt, and with leaſt heat. 


— CoorPERs avail themſelves of this expan- 
ſive quality of heat, by making the iron 
| hoops for their barrels red hot, and clap- 
ping them on quickly, whilſt they are ex- 
panded : when they cool, they naturally 
contract, and recover their former dimen- 
ſions, which keeps them firmer and cloſer 
than could poſſibly be effected without this 
precaution. 


WATER, in its tranſition from cold to 
hot, undergoes an expanſion in its bulk, 
and contracts proportionably in its return 
to cold: but in its tranſition from fluid to 
ſolid, or from water to ice, a very ſurpriſ- 


ing 


OF BE ATHAED 74 


ing phznomenon occurs. The water, con- 
trary to the above obſervations, expands 
and ſwells up, with great force, to a con- 
fiderable height. Sir Iſaac Newton relates 
an experiment which puts this matter be- 
yond diſpute. He took a large cylinder, 
filled it with water, and expoſed it to an 
intenſe degree of cold. The water froze, 
and, in freezing, drove up, by its expan- 
ſive force, ſeveral pounds weight which 
had been purpoſely placed upon the cylin- 
der, to ſerve as a reſiſtance. A noted ex- 
periment of the Florentine academy is, if 
poſſible, ſtill more deciſive. A metal hol- 
low ball, one inch diameter, was filled 
with water, and put into a mixture of falt 
and ice : the water ſwelled to ſuch a de- 
gree, as to burſt the ſides of the ball in 
which it was contained. A force adequate 
to ſuch an effect, was computed to be 
27,000 pounds weight and upwards. It 1s 
not eaſy to account for this curious ap- 
pearance. The particles of air, ſay ſome, 
which, in the fluid ſtate of the water were 
fixed and unelaſtic, recovered their elaſti- 
city or ſpring by the intenſity of the cold, 
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6 GENERAL EFFECTS 


and thus occaſioned the phznomenon in 
queſtion. It is not, however, improbable, 


that another cauſe, of which, perhaps, we 
are ignorant, contributes equally with the 
elaſtic ſpring of the air, to produce this re- 
markable effect. 


Tuls curious appearance in water ſerves 


to explain the utility of froſts to 'the ſoil, 


when they are not ſucceeded by exceſſive 
rains, the reaſon why pavements often 
break after intenſe froſts, and why, in like 
ſeverities of the weather, pieces of old 
houſes crumble down, into which water is 
apt to inſinuate itſelf through every nook 
and cranny. Pieces of rock even have 
been rent from the ſame cauſe, 


To determine and meaſure the different 
degrees of heat, thermometers were con- 
ſtructed. Their invention is aſcribed to 
Sanctorius, to whom phyſic ſtands indebted 
for the diſcovery of inſenſible perſpiration. 


5 


The conſtruction of this inſtrument, and. 
the principles upon which it depends, are 
too well known to need any explanation. 


We 


OF HRA 9 


We may, however, obſerve, that ſince its 


firſt invention, it has undergone ſeveral al- 


terations, in point of form. Mr. Boyle's 
thermometer was open at top. 


BeroRt Boyle, the thermometer was ap- 
plied for weighing or meaſuring the de- 
grees of heat in air only. That great natu- 
raliſt firſt employed it for aſcertaining thoſe 
degrees in other fluids, and the human 
body. 


To calculate the different gradations 
upon the ſcale, eſpecially where the ſtem 
and bulb of the glaſſes were of different 
diameters, was long an unſurmountable 


difficulty, in ſpite of the labours of Boyle, 


Halley, and the French philoſophers, to 


aſcertain this matter with certainty. It has, 
at length, been found the moſt proper me- 


thod to inſert the thermometer in ſnow 
when melting, and to let it continue till 
the ſnow is entirely melted. The liquor 
will fall to a certain degree, which may be 
conſidered as the ſnow water degree of ex- 
panſion, Then inſerting the ſame thermo- 
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8 GENERAL EFFECTS 


meter into boiling water, mark the place 
in the ſtem to which the liquor is now riſen, 
and at which it will remain ſtationary while 


the water continues boiling. This point 


may be conſidered as the boiling water de- 


gree of expanſion. We have now got two 


extreme points, the ſnow- water and the 
boiling- water degrees of expanſion: the in- 


terval betwixt theſe two points may be di- 


vided in whatever proportion you pleaſe. 


Tris method will anſwer with all ther- 


mometers of whatever diameter the bulb 


and ſtem are; for, upon inſerting a ſmaller 


thermometer into ſnow-water and boil- 


ing- water, as above, the diſtance of the 


two ſtationary points marked on the ſcale 


will be proportionable to the ſame points 
in the firſt thermometer, although not equal 
in extent or expanſion. 


IT is a curious enquiry, whether the 
meaſure of the degrees of expanſion be 
really an arithmetical ſcale of the degrees 
of heat. We are certain, that the liquor 


riſing or falling in the thermometer is the 
effect 


OF HEAT! =þ 


effect of heat; but is it likewiſe an exact 


meaſure of heat? Several learned men have 
doubted of this fact; and indeed, till of 
late, the queſtion has not been accurately 


examined. Dr. Boerhaave was of opinion, 


that expanſion, though the effect was not 
the meaſure of heat; and this concluſion 
he drew from an experiment, in which, 
having inſerted ſeveral thermometers of the 


ſame dimenſions into boiling-water, the 


liquor roſe with much greater velocity in 
ſome of the thermometers than in others, 


and was even ſtationary at different points. 


DR. Taylor, however, in a paper in the 


Philoſophical Tranſactions, narrates a very 
ſimple experiment performed by himſelf, 
which ſeems to leave no room for doubt on 
this queſtion. He took three veſſels, one 
full of boiling- water, another of cold, and 
having aſcertained their different degrees 
of heat on the ſcale of the thermometer, 
by plunging it in each of them, he put 
equal quantities of boiling and cold water in 
the third veſſel, and immerſing the thermo- 
meter into this mixture, the liquor roſe to 


the 
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meter into boiling water, mark the place 
in the ſtem to which the liquor is now riſen, 


and at which it will remain ſtationary while 
the water continues boiling. This point 


may be conſidered as the boiling water de- 


gree of expanſion. We have now got two 


extreme points, the ſnow-water and the 
boiling-water degrees of expanſion : the in- 


terval betwixt theſe two points may be di- 


vided in whatever proportion you pleaſe. 


Tris method will anſwer with all ther- 


mometers of whatever diameter the bulb 


and ſtem are ; for, upon inſerting a ſmaller 


thermometer into ſnow-water and boil- 


ing-water, as above, the diſtance of the 


two ſtationary points marked on the ſcale 
will be proportionable to the ſame points 


in the firſt thermometer, although not equal 
in extent or expanſion. 


IT is a curious enquiry, whether the 
meaſure of the degrees of expanſion be 


really an arithmetical ſcale of the degrees 
of heat. We are certain, that the liquor 


riſing or falling in the thermometer is the 
effect 
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effect of heat; but is it likewiſe an exact 


meaſure of heat? Several learned men have 
doubted of this fact; and indeed, till of 


late, the queſtion has not been accurately 
examined. Dr. Boerhaave was of opinion, 


that expanſion, though the effect was not 
the meaſure of heat; and this concluſion 
he drew from an experiment, in which, 
having inſerted ſeveral thermometers of the 


ſame dimenſions into boiling-water, the 


liquor roſe with much greater velocity in 
ſome of the thermometers than in others, 


and was even ſtationary at different points. 


DR. Taylor, however, in a paper in the 


Philoſophical Tranſactions, narrates a very 
ſimple experiment performed by himſelf, 
which ſeems to leave no room for doubt on 
this queſtion. He took three veſſels, one 
full of boiling- water, another of cold, and 
having aſcertained their different degrees 
of heat on the ſcale of the thermometer, 
by plunging it in each of them, he put 
equal quantities of boiling and cold water in 
the third veſſel, and immerſing the thermo- 


meter into this mixture, the liquor roſe to 
the 
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1 GENERAL EFFECTS 


the middle point, between the two, aſcer- 

tained as above, which confirmed him in 
the opinion, that the degree of expanſion 
1s an exact meaſure of the degree of heat : 
for, it is evident, that if I put equal quan- 
tities of warm and cold water into a veſlel, 
the warm water loſes one half its degree of 


heat. Thus, for inſtance, if the exceſs of 


the warm water above the cold be eſtimated 
at 20 degrees, the mixture of equal quan- 
tities will reduce that exceſs to 10 degrees. 


This is exactly what happened in Dr. Tay- 


lor's experiment. The mixture of boiling 
and cold water made the liquor ſtationary 
at the middle point, between two extremes 
previouſly aſcertained; ſo that the ther- 
mometer may be juſtly allowed to be an 
exact meaſure of the degrees of heat. 


In making Dr. Taylor's experiment, 
however, a few cautions are to be obſerved. 
1. As the cold water, when poured upon 
the hot, muſt neceſſarily take away from 


the heat that was in the veſſel, and transfer 


it to the mixture, giving, by this means, an 
increment of heat to the water; and again, 
as 


o HEAT. 


as the warm water, if poured into the veſ- 
ſel containing the cold water gives ſome of 
its heat to the veſſel, which heat is loſt by 
the mixture: it is evident, that with one 
trial in either way, the liquor will not 
exactly point at the middle diſtance be- 
tween the extreme points of the warm and 
cold water; I ſay, with one trial: for, if 
you firſt pour the cold water upon the 
warm, marking the ſtationary point; and 
then the warm water upon the cold, mark- 
ing in like manner the point at which the 
liquor ſtops : the mean or middle betwixt 
theſe two will give the true place or ſtation 
of the liquor. 


2. IT is abſolutely neceſſary that the 
thermometer be perfectly cylindrical, that 
is, have the ſtem equally wide in all places. 
From the manner in which they are blown, 
it is difficult to find glaſſes that anſwer to 
this deſcription. Vou may, however, be 
eaſily ſatisfied with reſpect to this circum- 
ſtance, by obſerving the following ſimple 
method. Put a little mercury into one 
end of the ſtem, ſo as to occupy ſome 

inches, 
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Inches, and meaſure the extent or length 
of the column with a piece of paper : then 
puſhing down the mercury to another part 
of the ſtem, meaſure it with the ſame piece 
of paper; and if the glaſs is an exact cylin- 
der, or of an equal bore, the length of the 
column of mercury will be equal in both 
places. For it is evident, that if the laſt 
| Nation of the mercury, or that part of the 
ſtem which it laſt occupied, be wider, the 
column of mercury will be ſhorter ; if nar- 
rower, the column will be longer. In 
this manner you may always determine to 
a very great degree of exactneſs, whether 
the ſtem is totally cylindrical, 


3. Tux water uſed in this experiment 
ſhould not be boiling, as it is then obſer- 
ved to be ſubject to irregular expanſions. 


SMALL thermometers are to be prefer- 
red to large ones, on ſeveral accounts ; 
more eſpecially as they. tranſmit the heat 
with greater rapidity ; for one great im- 
perfection of this inſtrument is its lowneſs 
in tranſmitting the heat, and bringing the 

2 5 liquor 
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liquor incloſed in it to the temperature 
of the particular body in queſtion. In re- 
moving a thermometer from a warm room 
into a cold one, the liquor fluctuates for a 
conſiderable time before it has attained and 
pointed out the temperature of the room 
in which it is now placed. The heat is 
communicated, and, as it were, ſpent, al- 
ternately, till an equilibrium is obtained, 
and then the liquor will be ſtationary. 


Bor farther, the thermometer is alſo 
imperfect, as admitting no great latitude 
in its range: there being many violent 
degrees of heat which it is by no means 
adapted to reach, 


IT may be proper here to obſerve, that 
in meaſuring the higher degrees of heat, 
mercury ſhould always be employed, as it 
can admit of a very great degree of heat 
without boiling and ſending forth vapour, 
which ſpirit of wine is apt to do in like 
circumſtances. In eſtimating the lower 
degrees of heat, where great depreſſions 
of the thermometer enſue, ſpirit of wine is 


very 
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very proper, as it requires the intenſeſt 
cold to freeze it. The French philoſo- 
phers, who went as far north as the polar 
circle, declare that the ſpirit of wine in 


their thermometers froze; but they, at the 
ſame time declare, that it was very weak 


O1x, from its tough, viſcid nature, is 
always improper for this inſtrument. 


To ſupply the defects of the thermo- 
meter, which is ſo very circumſcribed in 
its range, Sir Iſaac Newton obſerved the 
following curious method. Having taken 
a lump of red-hot iron, he applied it to a 
thermometer, when it was ſufficiently cool- 
ed for that inſtrument to admit of ſuch an 
application. He obſerved the points at 

which the liquor ſtood as the iron cooled, 
and the times in which theſe changes were 
effected. He then meaſured backwards; 
and, having previouſly marked the time in 
which the iron lay on the ground before it 
was applied to the thermometer, he, from 
2 compariſon of that given time, and the 
£ : ſpaces 


ſpaces gone through by the liquor in their 
reſpective times, diſcovered” the intenſity 
of the iron when it was taken out of the 


fire. 


ANOTHER imperfection of thermome- 
ters is, that we cannot by them determine 
whether one body has double, triple, or 
half the heat of another body. People are 
apt to be miſled in this particular by the 
numerals ; but as the loweſt degree of heat 
is not known, we cannot abſolutely or ac- 
curately determine upon the heat of bodies 
being double, or triple, of one another. 
When Farenheit conſtructed his thermo- 
meter, he marked the freezing point 32. 
The loweſt degree of heat which he then 
knew being a mixture of ſal ammoniac 
and ſnow water, he begun his ſcale from 
it, and marked it O, being 32 degrees be- 
low froſt. Repeated trials have ſince 
brought the liquor in the thermometer 
ſeveral degrees below the point, from 
whence Farenheit began his ſcale. Boer- 
haave relates with wonder and admira- 
tion a diſcovery of the ſame Farenheit, 


who, 
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who, with a mixture of ſhow water and 
ſtrong aqua-fortis, or ſpirit of nitre, brought 
the liquor 40 degrees below o on his own 
ſcale, that is, 72 degrees below the free- 
Zing point; and yet, with whatever won- 
der the doctor is diſpoſed to view this ar- 
tificial cold produced by Farenheit, he well 
knew that ſuch a degree of cold had been 
obſerved in nature by the French philoſo- 
phers, who wintered under the polar circle. 
In Siberia, a very cold country, and at a 
great diſtance from the ſea, the mercury 
ſunk ſtill more. At Kevenſkoi-Oſtrog, on 
the river Lena in Siberia, the mercury in 
Farenheit's thermometer fell, in 1739 to 
155 degrees below o; and yet, ſays pro- 
feſſor Ammon, who relates this remarkable 
depreſſion in a letter to Sir Hans Sloan, 
animals of all kinds have ſurvived this 
cold : and although, continues he, the 
countries through which the great river 
Lena paſſes, are expoſed to ſuch an extreme 
cold, there are, notwithſtanding, the fineſt, 
the moſt rare, and moſt curious plants to 
be found in them of any in all Siberia. 
The experiments made by Dr. Brown at 
i Peterſburgh, 
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Peterſburgh, mention depreſſions of the 


thermometer that are almoſt incredible. 


The mercury froze, in ſome of the trials, 


and, upon breaking the thermometers, was 


taken out in a ſolid ſtate, part of it ſerving 


as a wire for ſuſpending the reſt: nay, 
ſome experiments relate, that it was beat 


out to the. ſize of a crown - piece before it 


recovered its original form. 140 degrees be- 


low o on Farenheit's thermometer ſeem to 
be the greateſt depreſſion for which there 


is any evidence, though 200 and even 300 
are inſiſted upon. The truth is, as the mer- 
cury, in ſome of the experiments, confeſs 


ſedly froze, it muſt have paſſed through the 
range of the tube irregularly, and by ſtarts, / 
falling often 100 degrees at a time; a cir- 


cumſtance which could not fail to involve 
the whole ſeries of experiments in uncer- 
tainty and error. 8 


Wr have ſeen the principles on which 


Farenheit conſtructed his thermometer, 


and the degree of heat from whence he 


begun his ſcale. Succeeding improvers of 
this uſeful inſtrument, not obſerving Fa- 
C renheit's 
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renheit's method, made ſome ather degree 
of heat their fixed point, and reckoned both 
above and below it. The heat of the ani- 
mal body, which Farenheit placed g6 de- 
grees above o, and 64. above froſt, ſerved as 
the higheſt point to ſome. The degree of 

heat at which water begins to boil, is 
placed 180 degrees above froſt, and 212 
above o, and 1s the higheſt degree on Faren- 
heit's ſcale. From this degree M. de I'Iſle 
begins his ſcale, calling it o, and reckoning 
downwards in a direction retrogade to that 
obſerved by Farenheit. 


To reduce all the different computa- 
tions on this ſubject to a general ſtandard, 
Dr. Martin has compoſed tables, in which 
he brings all the different degrees uſed by 
ſucceeding philoſophers to the ſtandard of 


Farenheit's thermometer. 


In ſpeaking of heat, I would always 
conſider it as ſomething poſitive. Cold I 
would regard as its negation or privation, 


the abſence of heat. But though it may 
be 
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be allowed, that theſe two terms heat and 
cold are ſo related, that the one is poſitive 
and the other negative: yet, is there not 
as good reaſon to call cold the poſitive 
quality, and heat the abſence of cold? Are 
we not ſenſible of two very different ſenſa- 
tions, both diſagreeable, when we touch a 
piece of ice, and a bar of red hot iron ? To 
obviate this objection, let it be conſidered, 
that no cauſe can be aſſigned for cold, un- 
leſs the abſence of heat only. The ſun is 
the cauſe of heat, and a very powerful ac- 
tive cauſe it is : when his influence pre- 
vails, I feel myſelf warm: when he de- 
ſcribes a longer range in the heavens, the 


heat increaſes ; when he retires behind a 


cloud, the heat abates, and I become cold. 
What cauſe can be named equally capable 
of producing cold? Is it not produced by 
the abſence of the ſun, and by the ſharp and 
violent winds that blow from thoſe quar- 
ters of the earth, which the ſun viſits but 


ſeldom, and with his leſs influencing rays? 


Till a cauſe as adequate for producing cold 
is diſcovered as the ſun is for producing 
the animating effects of heat, we muſt reſt 

C 2 ſatis fied 
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ſatisfied with characterizing beat poſitive, 
and cold negative. To ſay the truth, we 
know but little of heat : we cannot tell 
when cold ends, nor where heat begins. 
The ſame water in a veſſel, ſhall to one 
hand appear warm, and to the other cold, 
if your hands are unequally heated. The 
greateſt degrees of cold, therefore, that we 
know, are to be conſidered as lower de- 
grees of heat. 


Wx have thus ſeen the great utility of 
thermometers in meaſuring degrees and 
differences of heat; for, proportions of 
heat they are not adapted to meaſure, as we 
know neither the loweſt nor the higheſt 


poſſible degree of heat. 


Wäũr x heat has entered into a body, it 
communicates or tranſmits it to all the 
Þovies in its neighbourhood ; and that till 
2n equilibrium is obtained betwixt the 
heated body and thoſe around it. There 
is, as it were, a continual fluctuation from 
the one body to the other, till they have 


all becoi ne of an equal temperature. This 
18 
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is obvious from common and rude obſer- 
ſervation. A number of different ſubſtances; 


as wood, feathers, iron, &c. of different 


temperatures, being placed in a room where 
the ſun's beams are not permitted to enter, 
the heat in the warmeſt body will begin to 
diffuſe itſelf over the other ſubſtances that 
are heated to a leſs degree, and will fo con- 


tinue to fluctuate from one to another, till 


they have all arrived at the ſame degree of 
temperature, that of the room, as will be 
evident by placing a thermometer at each 
of the ſubſtances in queſtion. The liquor 
will fall exactly at the ſame point in all, 


In conſidering heat, we are to attend, 
not to the degree or intenſity only, but 
likewiſe to the quantity of heat. The ſame 
ſubſtances, heated to a like degree of inten- 
ſity, will, if different in quantity, have dif- 
ferent quantities of heat. Thus, two pints 
of water contain double the quantity of 
heat which one pint of the ſame fluid con- 
tains, heated to the ſame degree. The ra- 


tio then of the quantities of heat in the 
ſame bodies is directly as the quantity of 


3 matter. 
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matter. We might even be naturally 
enough led to ſuppoſe, that the fame ratio 
obtained in eſtimating the quantities of 
heat in different bodies ; for inſtance, that 
mercury, whoſe ſpecific gravity is to water 
as 14 to 1, ſhould contain, in equal bulks, 
14 times as much heat as water, heated to 
an equal degree. Dr. Boerhaave and Deſa- 
guliers, from the equivocal ſucceſs of ſome 
experiments, ſeem to have been of this opi- 
nion. By more recent, however, and bet- 
ter atteſted experiments, mercury is found 
to contain leſs heat than an equal bulk of 
water heated to the ſame degree, and to 
arrive at the acquired temperature in a leſs 
time. An equal bulk of water being heat- 
ed and poured into or mixed with cold 
mercury, is found to communicate a greater 
quantity. of heat, than when the mercury 
heated to the ſame degree is poured into 
an equal bulk or meaſure of cold water. 
Thus, if the mercury is heated to 50 de- 
grees, it communicates only 20 degrees 
of heat to the mixture; whereas water 
is heated to the ſame degree, is found to 
communicate 30 degrees of heat to the 

. | mercury. 
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mercury. In the ſame way we may cal- | 
culate, by experiments, the quantity of 


heat in any body, from its communication 
with others, and eſtimate to a degree of ex- 
actneſs, any violent heat which far exceeds 
the range of the thermometer : thus, of 
the furnace of a glaſs-houſe; by putting a 
ſtone into the oven, making it as hot as 
poſſible, then plunging it into cold water, 
till the temperature or equilibrium is reſtor- 
ed, and applying a thermometer, the de- 
gree of heat communicated to the water 
will enable us by ſome known ratio to 


eſtimate the heat of the ſtone when taken 


out of the furnace. 


Tux ratio of the times in which diffe- 
rent bodies heat or cool, was long believed 
to be as the denſity of thoſe bodies ; but 
this theory is now found by experiments to 
be manifeſtly falſe. Theſe experiments 
prove, that mercury, which is 14 times 
heavier than an equal bulk of water, paſſes 
from heat to cold, and from cold again to 
heat with much greater celerity than wa- 


ter. The times then ſeem to be propor- 
C 4 tioned, 
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tioned, not to the denſity of the bodies, 
but to the quantity of heat required to 
bring different bodies to the ſame tempe- 
rature, Mercury requires leſs heat than 


water, and therefore arrives at its tempe- 
rature in a leſs time. 


Hrar tranſmits itſelf in greateſt quan- 
tities to thoſe bodies which are moſt in con- 
tact with the heated body. A heated 
ſphere communicates very little heat to an- 
other ſphere : a heated cube communi- 
cates a larger quantity of heat to another 
cube. The ſides of the laſt touch; the for- 


mer meet but in a phyſical point. 


HEAT is — with greater 
celerity, and in larger quantities, in pro- 
portion to the broadneſs of the ſurface. 
Bodies of unequal bulks, but of the ſame 
figure, have the heat tranſmitted and dif- 
fuſed unequally; yet, the leſſer body will 
tranſmit it with greater velocity than the 
other ; for, though in the leſſer body, the 
ſurface is ſmaller, a leſs quantity of heat 
is contained within it, which more than 
7 compenſates 
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compenſates for the broadneſs of the ſur- 
face in the greater body. For this reaſon, 
as large veſſels as poſſible are moſt conve- 
nient for the purpoſes of diſtillation, as a 


great waſte of heat, and * of fuel is 
prevented. | 


Sor ſpungy ſolid ſubſtances communi- 
cate heat very ſlowly; thoſe that are more 
compact very quickly. A piece of iron 
heated to a great degree, will affe& your 
hand holding the end of it: a piece of 
wood, in the ſame circumſtances, occa- 
ſions no uneaſy ſenſation. In the ſame 
way, wool, feathers, &c. which are gene- 
rally thought to increaſe heat, do, in rea- 
lity, nothing elſe than retain it; and, as 
theſe ſoft bodies are equally flow in tranſ- 
mitting heat and cold, we find them pro- 
per for preſerving the natural heat of our 
bodies, and accordingly, uſe them for 
cloaths, beds, and other convenicncies. 
Hence the great advantage of furs in the 
cold northern climates. I ſaid, that theſe 
very ſubſtances, are equally flow in tranſ- 
mitting cold, Accordingly, {traw and other 

ſoft 


26 GENERAL EFFECTS 


foft ſpungy bodies are employed in the 
ice-houſes to prevent the entrance of heat. 


War, though rare, tranſmits the heat 
with great celerity ; and, as all its parts are 
equally heated, is very properly uſed as a 
medium for heating other bodies. That 
all its parts are equally heated, is evident 
from the proceſs of boiling water. The 
heat, communicated from below, firſt af- 
fects the lower part of the water, rarifies 
it, and makes room for the colder water 
from above, to be rarified by the heat in 
like manner, and forced upwards : by this 
means, all the different particles of the 
water, being heated, as it were, by rota- 
tion, the whole maſs ſoon becomes of an 
equal temperature of heat. Such a tem- 
perature cannot be ſo eafily obtained in 
ſolid bodies, as the metals, glaſs, and 
other ſubſtances, which being expoſed di- 
rectly to a great heat, are apt to be un- 
equally heated, and frequently, from that 
cauſe, to break or burſt. For this reaſon, 
fluids, as water and air, have been employ- 
ed as mediums in tranſmitting a violent 
heat 
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heat to ſuch bodies as cannot, without dan- 
ger, be expoſed to its immediate action. 
Theſe mediums, are called by chemiſts 
Balnea or baths ; that of water is ſtiled Bal- 


neum- mariæ. 


Ix very cold countries, the great falls of 
ſnow preſerve the ground, which would 
otherwiſe be rendered totally barren by the 
exceſſive and long continued froſts. Snow 
being a ſoft ſpongy ſubſtance, and tranſ- 
mitting heat but ſlowly, beds of it to a 
great depth prevent the chilling air from 
ſweeping along with it the heat contained 


in the ſoil. 


DEEP waters are obſerved to freeze with 
greater difficulty, and in conſequence of 
an intenſer degree of cold than thoſe which 
are ſhallow. The appearance is common, 
and therefore the cauſe is little attended 
to. The water being equally heated, as 
was demonſtrated above, gives leſs reſiſt- 
ance to the cold which would act upon it, 
in proportion as it is ſhallower, or con- 
tains a leſs quantity of heat. Hence alſo, 

rivers, 
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rivers, eſpecially if rapid, are ſeldom ob- 
ſerved to freeze. Their motion, and the 
equal diſtribution of heat in them, require | 
a great degree of cold to produce refrigera- 
tion, which muſt, in a manner, be inſtan- 
taneous. The depth of the ocean renders 
it almoſt impoſſible to be frozen. 


In Siberia, very great depreflions of the 
thermometer have been obſerved ; greater, 
indeed, than might naturally have been ex- 
pected from the latitude of the country. 
The reaſon was formerly ſuggeſted. Siberia 
is ſurrounded by a great extent of conti- 

nent, and is ſituated at an immenſe diſtance 
from the ſea. That large body of water 
has a mighty influence in giving a proper 
temperature to the lands in its neighbour- 
hood. Snow. is never obferved to lye on 
the ground for any conſiderable time, in 
iſlands, at leaſt, in thoſe parts moſt conti- 
guous to the ſea. In Siberia, the cold 
winds from the north, ſweeping along 
with them a very ſmall portion of heat 
from the ſurface of the countries through 
which they have paſſed, muſt render the 
T9 cold 


cold very extreme. Winds blowing from 
the ſea, or a collection of waters, always 
carry along with them a great quantity of 
heat, which they waft into the countries 
for which they are deſtined. The air, 
however, does not poſſeſs the ſame quality 
as water, that of being equally heated. The 
| lower parts of the atmoſphere are manifeſt- 
ly warmer than the ſuperior regions, which 
are ſo very cold, that on ſome of the higheſt 
mountains, as the Andes, ſnow is obſerved 
to lie the whole year. The intenſe cold of 
the higher parts of the atmoſphere is like- 
wiſe deducible from the hail ſhowers in 
ſummer, which manifeſtly come from a 
great height, and are nothing elſe than 
rain condenſed into that appearance by the 
ſuperior cold of the higher air, which, in 


reached. 


Tur lower part of the air is heated by 
reflection from the ſurface of the globe. 
Heat paſſes from the ſun to the earth with- 
out affecting the medium of air, provided 


that 
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the form of clouds and vapour, they had 
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that medium is tranſparent. As it is, how- 
ever, frequently encumbered with vapours, 
a ſmall allowance of the diminution of its 
force ought to be made upon that account ; 
yet, in general, the air is only heated in a 
ſecondary way from the earth. The heat, 
therefore, it is evident, muſt neceſſarily ef- 
fect that part of the air which is moſt con- 
tiguous to the earth, in a greater or ſupe- 
rior degree. 


BuT why are the ſuperior regions ſo 
much colder? Why is not the heat, as in 
water, diffuſed through all the parts of air 
equally? This depends upon a certain pro- 
perty of air, its compreſſibility. The air 
next the earth is much denſer, or contracted 
into a ſmaller compaſs than that which is 
far above it, becauſe it has a much greater 
weight of incumbent air to ſuſtain, ſo that 
its denſity becomes always leſs as you re- 
move from the ſurface of the earth, till, on 
aſcending high mountains, it becomes re- 
markably thin and rare. Now, though the 
heat of the ſurface of the earth affecting 

; the 
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the lower air that is contiguous to it, muſt 
occaſion a rarefaction of that air; yet, in 
fact, that rarefaction goes to a very incon- 
fiderable height: the rarefaction and thin- 
neſs of the upper or higher air, occaſioned 
by a leſs preſſure being ſuſtained, far ex- 
ceeding that which ariſes from the heat 
of the earth acting upon the lower air, 
and deſtroying, in a great meaſure, its 
effect. 


Bopixs when heating and cooling, make 
very different impreſſions on thoſe in their 
neighbourhood. A piece of red-hot iron 
ſuſpended in air, ſeems to act princi- 
pally upwards. During the firſt minute, 
it rarifies a certain portion of air, which 
makes room for another quantity to be 
rarefied in like manner, and ſo on, till an 
equilibrium or proper temperature is ob- 
tained : but while this tremulous undula- 
tory motiofi « of the air, which ſometimes 
may be rendered viſible, continues, the 
effects are more obvious above than be- 
low, as will be ſenſibly felt by a perſon 


who 
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who holds his hand firſt in one direction, 
and then in the other. This however, it 
is to be obſerved, does not ſucceed in vacus. 
On the other hand, a piece of ice ſuſpended 
in mid-air, ſeems to act with greater force 
below ; the air contracts below the ice, 
and it will feel ſenſibly colder there than 


above. 2, 


SECTION 


O0 FP 1H Ea: Fi 5: 33 


[ 

S::E:C TAQ No: Ik YI. | 

Y πτ]ά]¼ͥ]̃q DHH 
ANOTHER univerſal effect of heat, is | 
FLuIDITY : that quality by which bodies, \ 
on the application of heat, are rendered fluid. | 
I call this an univerſal general quality, or ef- I 
fe& of heat; becauſe it is found to obtain in i | 
moſt bodies which are expoſed to violent de- | 
grees of heat, and where no ſuch effect has 1 
yet been found to take place, we ought] not 1 
raſhly to infer, that no poſſible degree of heat 1 
would be adequate for that purpoſe; but || 
rather to conclude, that no heat which we | 
have been able to apply has been intenſe it 
enough to produce fluidity in the ſubſtances [ 
in queſtion, | 
As bodies in a folid ſtate are rendered fluid g ö 

1 


hy the application of heat, ſo fluids preſerve 
their fluidity by the heat which they contain. i 


14 

This is evident from moſt fluids putting on 
a ſolid form, or the appearance of ice, when 
by any means, they are robbed of their het. 
10330 D | Some Ul 
1 

8 1 
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Some fluids, indeed, as mercury and ſpirit of 
wine, are rarely obſerved, even in extreme 
cold, to freeze or aſſume a cold form; we are 
not hence to infer, that ſuch ſubſtances are 
not kept fluid by their internal heat, or that 
they cannot be reduced to a ſtate of ſolidity : 
we are only to conclude, that a greater inten- 
fity of cold is requiſite to rob them of their 
heat, and fo deſtroy their fluidity. Experi- 
ments on thermometers for about four years 
paſt have aſſured us that mercury, however 
much diſpoſed to continue in a ſtate of flui- 
dity, has been frequently overcome by the 
ſuperior cold, and put on a metallic ſolid 
form. 


| Mx. Muſchenbrook is very unwilling 
to believe that the freezing of water is 
owing to a diminution of the heat of the 
water in its fluid ſtate. He attributes this 
effect to the influence of a certain congeal- 
ing matter, which, mixing with the water, 
produces freezing. In ſupport of this 
conjecture, he advances a number of argu- 
ments, drawn principally from obſerva- 
tions on water freezing, from the tempe- 

- ak | rature 
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rature pointed= out by the cs. 
compared with the real temperature of the 


air, and from other circumſtances. Many 7 5 


of theſe obſervations contain facts that are 
curious; but the inference which he draws 
from them is neither accurate nor ſatisfac- 
tory. He tells us, that a mixture of ſalt 
and ſnow in one plate, and a quantity. of 


cold water in another plate above the for- 


mer being expoſed in this ſituation to the 
action of the fire, the water in the upper- 
moſt began to freeze, as ſoon as the ſnow 
in the other, had, by the heat of the fire, 
begun to melt. Can it, ſays he, be pretend- 
ed, that the heat communicated from the 
one plate to the other, directly from the fire, 
ſhall rob the uppermoſt plate of its heat, 
and diſpoſe it to freeze ? may we not rather, 
with much greater probability conclude, 
that the congealing matter, expelled by the 
heat, from the lower plate, paſſes into the 
higher, and thus produces the curious ap- 
pearance in queſtion ? But this experiment, 
which,. at firſt, appears a little perplexing, 
will come to nothing, when it is obſerved, 
that to produce the freezing of the water, it 


D 2 | 18 
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is not neceſſary to put the apparatus on the 
fire. This circumſtance ſeems to be fo 
much inſiſted upon, 1n order to give a won- 
derful and myſterious air to the experiment. 
In fact, a plate of water, in ſuch circum- 
ſtances as above, will freeze, and to a much 
greater degree, without being applied to the 
fire. True, indeed, the action of the fire 
is ſo inconfiderable compared to the inten- 
ſity of the cold in the undermoſt plate, that 
it will not have force ſufficient to keep the 
water fluid. a 


Tre Hin: Hearbeb philoſopher alſo pre- 
tends, that the great expanſion of water in 
its tranſition from a fluid to a ſolid ſtate, 
1s an inſuperable objection to the prevailing 
doctrine, that fluidity is occaſioned by heat, 
and ſolidity by its diminution or abſence. Ice, 
ſays he, expands, becauſe of the congealing 
matter which mixes itſelf with the water, 
and thereby increaſes its bulk : but, for the 
{ame reaſon, ſhould it not increaſe its weight 
likewiſe? the fact is otherwiſe. Mr. Muſ- 
chenbrook does not pretend to deny it. It 
is not in water only that this expanſion hap- 

pens. 
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pens. A ſimilar expanſion is obſerved in 


iron, in its tranſition from a fluid to a ſolid 


ſtate. Will any one pretend, that at the 


very time of expanſion, a certain congealing 


matter mixes itſelf with the iron, to produce 


that effect? 


Bor, without dwelling longer upon this 
ſubject, I would lay it down as a general and 
fixed rule, that fluids retain their fluidity 


by heat, and loſe it, when, by any means 


they are deprived of that heat. At the ſame 


time, I would beg leave to repeat what was 
formerly urged, that all ſolid bodies are ſuch 


from a diminution or abſence of heat, and 
may be rendered fluid by its application. In 


ſome ſolids, indeed, the diminution is greater 


than in others. Some, to be rendered fluid, 
require a greater, others a leſs degree of heat: 
ſome have never yet been rendered fluid; but 
theſe are not, for that reaſon, to be pronoun- 


ced incapable of. fluidity: a greater degree 


of heat than has hitherto been applied might 
have poſſibly produced it. A collection of the 
ſun's rays, in the focus of a lens or ſpeculum, 
has been known to melt, with great facility, 

LF..3 | {tones 
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ſtones and other ſubſtances, which the appli- 
cation of the ſtrongeſt fire could not affect. 


Wuar makes it more probable that all 
bodies are capable of fluidity, is, that the 
hardeſt ſubſtances, which, by themſelves, 
reſiſt the action of the moſt violent fire, will, 
when mixed together, yield to the force of a 
very moderate heat, and be rendered fluid. 

This is confirmed by a variety of experi- 
ments. . 

—ʃ 

Tux action of expanſion differs from that 
of fluidity in this, that whereas the former 
varies in every variation of the degree of heat, 
fluidity is effected by a certain fixed degree, 
which, if increaſed, will make no farther 
alteration, in that reſpect, upon the body ex- 
poſed to it. A certain degree of heat melts 
iron. Increaſe the degree you ſtill but ren- 
det the metal fuſed In the ſame manner, 
the diminution of heat, neceſſary to produce 
freezing, is a fixed point. Increaſe the cold, 


you have the fluid ſtill reduced to a ſolid 
form. 
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BopiEs, which, having undergone a total 
change from a ſolid to a fluid ſtate, are again 
reduced to a ſubſtance entirely diſſimilar 
to their original form, are ſaid to be vitri- 
fied: and the proceſs is called, by a "_ "RO 
cal term, vitrification. Vitrified ſubſtances, 
if melted, and allowed to cool, will mn 


put on the ſame form. 2 


I sA1ID that fluidity is occaſioned by the 
preſence of heat. Yet is it ſcarce credible 
that a quantity of ſenſible heat which affects |} 
the thermometer ſo litthe, ſhould be produ- | 
tive of ſo extraordinary an effect. Is it not. | 
rather to be believed that bodies abſorb de- 
grees of heat, which, in certain circum- 
ſtances, remains latent and unobſerved ? and. 
that fluids contain a great quantity of this 
latent heat, which, though it does not act 
ſenſibly, that is, paſs eaſily from one body, 
to another, is capable of producing, or, 
more properly, of preſerving fluidity? that 
the latent heat never diſappears, or loſes its 
influence in preſerving flaidity, till the cold 
has become ſo far ſuperior as to bring the 
fluid to the freezing point? that then it diſ- 

WE appears 
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appears gradually, and but gradually, elſe the 
fluid would be converted at once into ice; 
which is not the cafe, greater acceſſions of 
cold, and of a longer duration, being requi- 
ſite to make fluids aſſume a ſolid form. 


Ix the ſame manner, the abſorption of 
latent heat is obſervable in the reduction of 
a ſolid to a fluid as of ice to water a very 
great quantity of heat is abſorbed before the 
ice begins to melt, a quantity more than 
ſufficient to bring the temperature above the 
freezing point, if the heat fo abſorbed acted 
ſenſibly, or could be meaſured by a thermo- 
meter. What then becomes of this large 
portion of heat, which has inconteſtably en- 
tered the ice? It has been abſorbed by the 

ice, and lies concealed in it in a latent form. 
| 

Ix this way are we to account for the large 
quanties of ice to be ſeen on the ſurface of 
the earth after long froſts, for ſome days aftet 

the thaw has commenced. After ſevere froſts, 
the weather is generally very warm: how 

comes it that the ice, expoſed to the heat 

of the air is not immediately melted ? Each 

piece 
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piece of ice being examined by the therm 0. 
meter, will be found to be cooled to the freez- 


ing point; yet it cannot be denied, that every 


ſuch piece muſt be affected by the warmth of 
the atmoſphere, and the influence of the ſun. 
What then becomes of this heat, which, as 
far as we can judge, has no ſenſible effect? It 
is evidently abſorbed by the ice, and contain- 


ed in it latent. In the ſame manner, ice, ia 


ice-houſes, notwithſtanding all the precautions 
that are uſed, could not fail of melting, if all 


the heat it received acted ſenſibly; but that is 


not the caſe, great part of it being abſorbed, 
remains latent, and, of courſe, has no ſenſible 
effect. 4 


Tae following experiment is deciſive upon 


this ſubject. Into a veſſel was put ſome water 
cooled nearly to the freezing point; into 
another a quantity of ice : by a thermometer 
the change made upon the water during the 
firſt half hour, by the temperature of the warm 
room, in which the veſſels were ſuſpended, 
was obſerved, and it was found to have raiſed 
the liquor 7 or 8 degrees above the freezing 
point: no change was obſervable in the ice, 
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fave that a very little of it was melted ; but 


what was ſo melted, was found, by the ther- 
momieter, to be equally cold with the maſs 


of ice. The veſſels hung, in this manner for 


11 I-half hours, at the end of which time all 


the ice was melted. Now, as each veſſel re- 


ceived from the temperature of the room in 
which it was placed, about 7 degrees of heat 
every half hour, it is evident, the veſſel con- 
taining the ice, muſt, at the end of 11 hours 
and a half, have received upwards of 140 de- 
grees of heat; that is, the quantity of heat 
flowing into the veſſel, during that time, 
muſt have amounted to the number of degrees 
ſpecified. But this heat plainly did not ope- 
rate in melting the ice, for then it ſhould 
have produced that effect at the end of the 
firſt half hour, when 7 or 8 degrees of heat 
muſt have entered the ice; whereas, that ef- 
fea was not produced till the end of 23 half 
hours, when, by calculation, 140 degrees of 
heat, and upwards, muſt have ſucceſſively 
paſſed through that ſubſtance. This heat then 
did not act ſenſibly: no; it was latent in the 
ice, and abſorbed by it. 


IT 
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WY may probably be faid, that the heat | 
communicated by the air did not enter into 3 
the ice, but was repelled by it: but this can- 


not be ; for, by experiment, a quantity of 
warm water being poured upon ice, that ſub- 
ſtance, in a manner, inſtantaneouſly melts, 
without repelling, in the ſmalleſt degree, the 
heat that is thus forced into it. 


By the theory of latent heat are explained 


thecurious phenomena of artificial colds pro- 
duced by mixture, as of ſnow-water and falt : 
when theſe two are mixed, the ſenſible heat 
is converted into latent, therefore the mixture 
muſt be ſenſibly colder ; at the ſame time, 
the latent heat operates its uſual effe& in 
keeping the mixture fluid, which would other- 
wiſe have a tendency to conſolidate. 
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SECTH1ON II. 
nnr VP 

A THIRD general and univerſal effect of 

heat, is that by which it diſpoſes bodies to 
aſſume the form of a rare, ſubtile and elaſtic 


fluid, called vapour or ſteam, 


Tux vaporific point of bodies is different 


as the bodies differ; ſome being more di- 


ſpoſed to evaporate or fly of in ſteam than 
others. From this difference of aptitude for 
diſpoſition to produce ſteam or vapour, ſome 
bodies are denominated volatile, whoſe parts, 
with a ſmall degree of heat, are inclined to 
fly off in this manner; others fixed, which 
require a greater degree of heat to produce 
that effect; and ſuch bodies as reſiſt the moſt 
violent heat, without diſcovering any ten- 
dency to emit vapour, are ſaid to be perfectly 


or compleatly fixed. 


THis general effect of heat is obſervable 
in the moſt common occurrences of life. A 


drop 
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drop of water in a tea-kettle being put upon 

a fire, will, in a ſhort time, diſappear, having 
entirely put on the form of vapour. Thig 
vapour or ſteam, if not allowed to have its 
proper range or ſpring, will often, upon the 
addition of more heat, burſt the veſſel in 
which it is thus confined: the heat acting upon 
it as upon a quantity of air, rarifies it, and of 
courſe makes a greater compaſs or range ne- 


_ 


IT is upon this effect of heat to make bo; 
dies emit ſteam, which is again condenſed by 
cold, that the fire-engine for raiſing water 
immenſe heights depends. Upon it, like- 
wiſe, is founded the curious n of diſtil- 
lation. 19: | 


Tuovon the production of vapour is in a 
great meaſure to be attributed to heat, yet is 
that production not a little influenced by an- 
other cauſe, I mean, the preſſure of the air. 
Experiments demonſtrate, that as this fluid 
preſſes more or leſs upon any body, it diſpoſes 
that body to heat proportionably later or 
ſooner. A quantity of water moderately 

| warm 
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warm being put into the exhauſted receiver of 
an air- pump, boils and ſends forth ſteam ; 
whenceit follows, that, if the preſſure of the 
air were taken off, bodies would heat much 
ſooner, and, of courſe, arrive ſooner at their 
vaporific point. 


Tux degree of heat at which water begins 
to boil, is always conſidered as the vaporific 
point of that fluid; becauſe it is then firſt ob- 
ſerved to ſend forth vapour or ſteam. The 
violent agitation' which is found to accom- 
pany water and other fluids in theſe circum- 
| ſtances, has been variouſly accounted for. 
Some have imagined, that water, after re- 
cCeiving a certain determinate quantity of heat, 

is ſaturated with it, and will admit no more; 
the heat from below, continue they, is, how- 
ever, ſtill forcing its way into the fluid; and 
this violent exertion of force on the one 
hand, and the no leſs violent reſiſtance on the 
other, co- operate in producing the agitation 
in queſtion. Certain it is, water is not ſen- 
fibly hotter during the whole time of boiling 
than when it began to boil, although great 
acceſſions of heat are every moment making 

their 
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their way into it. Yet is this theory inaccu- 
rate and unſatisfactory ; heat, in its progreſs 


through bodies being . frequently retarded in 
its motion, never forcibly obſtructed. 


OTHERS have attempted to explain the 
agitation in boiling, from the elaſticity or 
ſpring of the air. That ſubtile fluid, ſay they, 
which enters more or leſs into the compoſi- 
tion of all bodies, remains fixed and unelaſtic 
in the water, while cold; but, upon the ap- 
plication of heat, reſumes its elaſticity, ſeeks 
to extend its range, and meeting with reſiſt- 
ance from the denſe body of water through 
which it muſt neceſſarily paſs, rends and tears 
it in a violent manner, and thus occaſions 
that concuſſion which is denominated boiling. 
But neither is this theory probable nor ade- 
quate to explain the appearances. | 

Tur true ſolution ſeems to be, that the 
heat coming from below, firſt affects the wa- 
ter in the lower parts of the veſſel, and di- 
ſpoſes it to fly off in ſteam. This rare and 
thin ſubſtance having to force its way through 
a denſe bulky maſs immediately above it, 

E! muſt 


* 


48 GENERAL EFFECTS 


muſt occaſion a violent agitation in the water; 
eſpecially, as a ſucceſſion of the parts of that 


| Huid is conſtantly attempting a AIR: through 


ſuch forcible oppoſition, 


Ox great cauſe of fluidity was found to be 
latent heat abſorbed by the fluid, without 
acting ſenſibly, or being meaſureable as ſen- 
fible heat; the ſame cauſe ſeems to operate in 
the emiſſion of ſteam from water. or other 
fluids. i This is almoſt evident by induction 
from the above obſervations. Boiling water 
being examined by a thermometer 1s not ſen- 
fibly hotter after boiling two hours than when 
it began to boil ; though, to maintain it of 
that degree of temperature, a briſk fire muſt 
neceſſarily be kept under it. What then be- 
comes of this great waſte of heat? It is not 


in the water: it is not in the ſteam; for 


ſteam, upon examination, is rarely found 
hotter than boiling water; if there is any dif- 
ſerence, it is quite inconſiderable. | 


Two broad bottomed veſſels of like form 
and bulk, incloſing equal quantities of water, 
were put upon a large plate of heated on, 

2atled 
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Ealled a kitchen-table. In four minutes they 
begun to boil and ſend forth ſteam, and at the 
end of 20 minutes, the plate being till of the 
ſame degree of heat, the water was wholly 
evaporated. At the beginning of the experi- 
ment, the water was of the temperature of 
54 degrees, the heat of that fluid in ſummer ; 
in 4 minutes it roſe 158 degrees, or to the 
boiling point ; and, during each of the ſuc- 
ceeding 4 minutes, it received the ſame quan- 
tity of heat, that is, in 20 minutes, 5 times 
158, or 790 degrees. If the ſteam had gone 
off with greater velocity, we might have 
judged that this was a ſenſible effect of the 
increaſe of heat ; but, as neither the heat of 
the water 1s ſenſibly increaſed by the dura- 
tion of boiling, nor the ſteam ſent off with 
any remarkable celerity, we may reaſonably 
conclude, that the great quantity of heat which 
has indubitably entered the water, is abſorbed 
by that fluid, and contained in it latent. 


War makes this concluſion highly pro- 
bable, is, that the latent or abſorbed heat acts 
ſenſibly upon the ſteam's being condenſed by 
cold. This is particularly mane in the 

| "6 condenſation 
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condenſation of the liquor in the proceſs of 
diſtillation ; where, upon examining the re- 
frigeratory, a much greater quantity of heat 
appears to be communicated to it, than could 
poſſibly have been tranſmitted by that heat 
which acted ſenſibly in the liquor before con- 
denſation. 


Io be ſatisfied about the abſorption of la- 
tent heat, by fluids that have attained the va- 
porific point, I put a ſmall quantity of water 
into a phial cloſely corked, and expoſing it to 
a ſand heat, ſoon brought the temperature ſe- 
veral degrees above the boiling point, which I 
could eafily effect, as the preſſure made the 
fluid capable of receiving greater acceſſions 
of heat. The ſteam which aroſe could not 
have vent, ſo that upon taking out the cork, 
after an interval, in which all the water might 
have been converted into ſteam, I expected the 
whole would immediately diſappear and be 
changed into vapour, which, as I imagined, 
would ruſh forcibly out of the phial. This 
did not happen. Upon taking off the me- 
chanical preſſure, an ebullition and agitation 
of the water enſued, during which, a portion 


of 
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of that fluid ruſhed out of the phial along 
with a quantity of ſteam. The remaining 
water ſunk down to the boiling point, though 
before it had been conſiderably above it. What 
then became of this quantity of heat ? Was 
it annihilated ? It does not appear in the wa- 
ter, though the minute before it acted ſenſibly 
in it, by elevating the liquor in the thermo- 
meter ſeveral degrees above the boiling point. 
That ſenſible heat is converted into latent, 
and, though it no longer appears to act ſenſi- 


bly, reſides in the water. The following 
experiments are equally decifive upon this 


ſubject. 


A veRY large quantity of water being put 
into Papin's digeſter, was expoſed to the ac- 
tion of a violent fire, which ſoon brought the 
temperature 300 degrees above the boiling 
point; a degree of heat, of which water is 
ſuſceptible under great mechanical preſſure, as 
in a veſſel of this kind. After confining the 
ſteam for a long time in ſuch an increaſe of 
heat, I naturally judged, that, upon admitting 
the air, or giving vent to the obſtructed ſteam, 


the whole maſs of water would inſtanta- 
E 2 neoufly 


kan _— = — 
. oP. m 
a * 


r 
— — 


_ 8 a . TY” SY — — — 
12 rr = 
Sr F eddy on Gs 


WJ 
2 


52 GENERAL EFFECTS 


_ neouſly evaporate. But here too, as in the 


former experiment, I was deceived ; for, 
though, upon removing the preſſure, a quan- 


tity of ſteam burſt out of the veſſel with ſuch 


impetuoſity, as to rattle ſeveral times againſt 
the cieling of the room in which the experi. 


ment was made; yet, by far the greater part 


of the water remained in the veſſel; and what 
ſo remained, almoſt immediately ſunk to the 
boiling point, that is, 300 degrees below its 
temperature at the time of removing the preſ- 
ſure. This heat muſt certainly have been ab- 
ſorbed by the water, and, from its acting ſen- 
ſibly, have been converted into a latent form. 
Nothing elſe could have produced ſo inſtanta- 
neous a change. 


Ix performing an experiment, with a view 
to eſtimate the vaporific point of bodies in 


their natural ſtate, or without the preſſure of 


the air, I likewiſe found reaſon to acknow- 


ledge the great abſorption of heat by fluids 


. that have attained that degree of temperature. 


Water, as I before obſerved, arrives ſooner at 
the boiling point in vacuo, than when expoſed 


to the preſſure of the air. Hence I concluded, 
a great 


OF HEAT i 


a great waſte of fuel might be prevented, if 


ſteam or vapour could be produced with a 


leſs degree of heat than is generally required 


for that purpoſe. Taking a copper till, I put 


into it ſome ſubſtances with water, and, in 


order to exhauſt the air, heated the water to 
the boiling point, both in it and the cooling- 


veſſel or refrigeratory. When they ſent forth 


ſteam, and of courſe excluded the air, I corked 
them cloſely up, and applying a moderate fire 
under the ſtill, which had been previouſly al- 
lowed to cool, the water ſoon began to boil, 
The ſteam was about animal heat, or 96 de- 
grees on Farenheit's ſcale, inſtead of 212, the 
boiling point. Here then was a great deal 
gained in that article—though, on the other 
hand, the liquor was very ſlow in condenſing. 
But what moſt particularly engaged my at- 
tention, was, that, upon examining the re- 
frigeratory, a much greater quantity of heat 
appeared to be there accumulated, than acted 
ſenſibly in the ſerpentine-pipe before the 
ſteam was condenſed by the cold water, nay, 
greater than what would have been com- 
municated by the ſame ſteam, though it had 
been of the ordinary heat of boiling water, 


E 3 that 


0 
* 
„ 
+ * 
Bat - 
A 3 
7 
B 
” nf 
- 
1 * 
«4 
2 
13 
1 


- 5 aa wy - IS 
LODI IS 4 3 8 


3 » 4 — - by — — 
oy - s 1 . at 
— 
an n — + 


- 
2 8 2 1 
— n p 
FF * $57 9 
N - 
- _— x 922. - 


. 
Ce — l AE ions : 
— es - p 8 Cranks — 2 — e . IF LS — — 
erer 8 15 8 1 pg | * * rr e + IRE . * 
4 AY * * 2. - " ö = oo 1 p "> 7 8 > by © = — of 4 =. LSE. > — A P pv 14 
— y — * - > * _—- 3 he ak os "eg —— i 
e * —— a + - * _ ow » v4 — — 4 * 


* 


P ²˙— oor" 


54 GENERAL EFFECTS 


that is, 212 inſtead of 96 degrees. What 
are we to infer from all this, but that the 
ſenſible heat was converted into latent heat, 
which made its appearance, when the vapour 
was condenſed by cold. 


_ Troven the vaporific point is generally 
aboye the melting point, yet in ſeveral bodies, 
as camphire, and fal ammoniac, a flight de- 
gree of heat is ſufficient to make the parts fly 
off in vapour —a degree much inferior to that 


which is productive of fluidity, Hence it 


has been doubted, though, I think, without 
reaſon, if ſuch bodies, or, at leaſt many of 
them, are capable of fluidity, - That they 
are rarely found in a fluid form is certain, 
and, for the reaſon but now ſuggeſted, muſt 
not appear ſurprizing: but it is equally cer- 
tain that they might attain fluidity, if the 
heat required to effect it, were not more 
than ſufficient to produce a total evapora- 
tion. > 


Ueon this effect of heat are explained 
ſeveral curious proceſſes in chymiſtry, as 


een, diſtillation, and ſublimation, 


When 


EF EEAT > 4 
When bodies are compounded of different 
ſubſtances, we may always ſeparate them by 
the means of vapour, provided the ingre- 
dients are of different degrees of volatility, 
and cohere tcgether but ſlightly. A com- 
poſition of clay, water and quickſilver, being 
expoſed to heat, the water, as moſt volatile, 
will evaporate firſt, next the quickſilver, and 
the clay being highly fixed, will remain at 
the bottom of the veſſel. 3 


Ir the ſteam is ſuffered to eſcape, and the 
fixed body left at the bottom, the proceſs is 
called evaporation, as 1n ſeparating ſalt from 


ſea- water . . 


D1isTILLAT1ON, and ſublimation, agree 
in this, that the volatile parts are preſerved 
by means of cold, which condenſes the liquor "i 
but differ in the form which the ſubſtance - 
aſſumes after this condenſation. In diſtil- 
lation, the product is a liquor, frequently a 
ſpirit. In ſublimation, the product is a ſolid, 
and is called ſublimate, or lowers—a greater 
degree of heat being required to reduce this 


ſubſtance to a liquid form. 
1 ANIMAL 
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ANIMAL and vegetable ſubſtances being 
expoſed to heat, contrary to what is obſerved 
in other bodies, contract; and expand pro- 
portionally by cold. Thus a piece of wood, 
put into the fire, becomes ſhorter ; and, if 
the heat is increaſed, will be entirely con- 
ſumed. The falt, oil, and water, which 
exhale from it, ſhall never be able, by their 
compoſition, to form a ſubſtance like the ori- 
ginal wood. The reaſon of this appearance 
is manifeſt, The wood, upon the applica- 
cation of fire, is contracted, becauſe the wa- 
ter, which fills the interſtices of that ſpongy 
ſubſtance, is exhaled, or puts on the form of 
vapour, leaving its room to be ſupplied by 
the wood itſelf, which becomes, by that 
means, cloſer and more compact. Again, as 
this ſubſtance is expoſed to cold, it is liable 
to abſorb quantities of water, which ſerve to 


expand it. 


Ir is a curious queſtion, and deſerves at- 
tention, Whether heat really acts as an uni- 
verſal agent in diſpoſing bodies to evaporate, 
in the ſame manner as we have ſeen it uni- 
verſally promote fluidity. Perhaps it would 

2 = 
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be raſh to conclude at once that all bodies 
are capable of being volatilized. Certain it 
is, there are many earths, which may, by 
violent heats, be rendered fluid, but have ne- 
ver been obſerved to ſuffer a diminution in 
their weight, or emit any thing like vapour. 
But it is equally certain that we know not 
what is the moſt violent poſſible degree of 
heat; and that, till ſuch a degree is aſcer- 
tained, it would be highly unreaſonable to 
conclude that theſe earths cannot be volati- 
lized. It was long imagined that gold and. 
filver were perfectly fixed—and many experi- 
ments ſeemed to favour the opinion. Mr, 
Boyle put a quantity of gold in the hotteſt 
part of a glaſs-houſe, and allowed it to con- 
tinue there two months, at the end of- which 
time, he found the gold in a ſtate of fuſion, , 
but not perceptibly diminiſhed in weight. 
Experiments on a quantity of filver were 
equally void of ſucceſs. The maſs of filver 
had, indeed, loſt a little of its weight, but it 
was ſo little, that Mr. Boyle ſuppoſed the 
diminution to be occaſioned by ſome 1mpu- 
rities in the metal, which, as he imagined, _ 
had been deſtroyed by the action of the fire. 
| | More 
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More recent obſervations, however, and with 
a 'more violent heat, that, viz. of the focus 
of a burning-glaſs or mirror, evidently de- 
monſtrate that gold emits ſteam in conſide- 
rable quantities, which, when condenſed, 


falls down in ſmall globules of that metal. 


What happens to the gold we may fairly 
infer will happen to the moſt fixed bodies, 
comparatively ſpeaking, - provided a degree 
of heat ſufficient to bring them to the 
vaporific point, is applied. 80 readily, 
indeed, are ſome philoſophers for making 
its power in producing elaſtic vapour an uni- 
verſal effect of heat, that they conſider every 
elaſtic vapour as owing its exiſtence to heat. 


Tus air is a body which exactly reſembles 
the ſteam or vapour raiſed from water. Like 
it, it is elaſtic—and, like it, its elaſticity de- 
pends on heat. The greater heat gives the 
air a greater ſpring; if the heat is removed, 
the air is-compreſſed, and loſes that ſpring ; 


and, were it poflible to produce ſuch a de- 


gree of cold, it would be frozen in very ex- 
treme diminutions of its heat. 


ANOTHER 
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more or leſs from all bodies, may be called 


ſpontaneous vapour, becauſe it exhales with 


very little heat, and is generally impercep- 
tible. Camphire in a phial, that is not cork- 
ed, will exhale very quickly in this way: 


cold water ſpends a conſiderable quantity, 


and even ice. As this evaporation is per- 
fectly quiet, it muſt evidently proceed from 
the ſurface only ; and, as that ſurface is en- 


larged, muſt be proportionally greater. Equal 


quantities of water being put into two unequal 
_ veſſels, the one broad and ſhallow, the other 
narrow and deep, the former will exhale 
much more abundantly than the latter. 


Uron the theory of ſpontaneous evapo- 
ration are explained ſome of the moſt com- 
mon appearances in nature. When a cold 
veſſel is brought into a warm room, parti- 
cularly where many people are aſſembled, 
its outſide will ſoon be covered over with a 
ſort of dew. The reaſon is obvious. The 
yapours ariſing from animal bodies, particu- 
larly thoſe from the lungs, being carried 
away by the ſurrounding air, are there kept 

SL buoyed 


ANOTHER kind of vapour, which riſes 
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buoyed up, till meeting with, a cold body, 
as the veſſel juſt now mentioned, they fall 
down in drops upon the ſides. In the ſame 


manner we may account for the froſt on the 


inſide of windows, which is nothing elſe 
than vapour, particularly animal vapour, con- 
denſed, by the ſuperior cold, into the form 
of ice. The cauſe of dew may be likewiſe 
traced upon the ſame principles. During 
the influence of the ſun in the day-time, the 
earth is diſpoſed to exhale in conſiderable 
quantities. Theſe  exhalations, during the 


night, which is comparatively colder, are 


condenſed,. and pyt on the appearance of 
drops of dew. 


WIN, or air in motion, favours greatly 
the raiſing af theſe ſpontaneous exhalations. 
Stagnated air has the contrary effect. Hence 


the miſts which are often ſeen at a ſmall 


diſtance from the ſurface of lakes. 


As the quantity of this kind of vapour is 
in proportion to the ſurface of the bodies 
from which it is emitted, ſuch a large maſs 
as the ſea muſt neceſſarily exhale in great 
abun- 
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abundance. Accordingly, ſuch exhalations 
are of themſelves ſufficient to explain moſt 


of the phænomena of the weather, without 


the aid of thoſe raiſed from the earth and 
animal bodies. The vapours, that riſe ſpon- 
taneouſly from this immenſe collection of wa- 
ters, are carried aloft, aſſume the form of 
clouds, which being condenſed by the cold 
of the ſuperior regions, fall down in rain, 
miſt, ſnow, or fleet, appearances which have 
each its reſpective uſes, and depend upon the 
degree of intenſity in the condenſing cold. 
Thus condenſed, they either run below the 
- ſurface of the earth, and become the origin 
of fountains, or dwell upon it, and become 


marſhes and lakes, 


VarIous hypotheſes have been framed 
for explaining the phznomena of vapour. 
Philoſophers were ſenſible that the ſubject 
demanded attention, as ſo many of the ap- 
pearances of nature were only to be explained 


on the principles of ſpontanzous evapora- 


tion. 


Ma. 


1 14 
5 
f 4 
Hl 
2 % 
32 
: v 
3” 
87 n 
by. © 
* 1 
2 ; 
* 
"SY 
" - 
. =”aU 
7 
117 
1 
5 
* 
"1 F 
—_ 
—_— 
= Mu. 
74 
oy 
+4 
3 
1 
9 
- 


— . v 
WL IE Ed ES —— 


4.4 
— 2 +» 


TR. 
» - 


<- A - Vw 4 — > 7 
r 1 


2222 » 2 


ian 
8 


333 


na & «Brow 2 — 
— 3 . dg 


* =» == : tae; — es. Fran A. > am 3 —— — 
N 4 — — 1 > * — 


+ 1 
1 
T 


13 
+ 1 
1 
8 
4 1 
1 
1 r 
110 
1 
1 
vj 
44 
9 
f 
F 
1 
" 
EE 
» = 
17 
» 


62 GENERAL EFFECTS 


Mx. DERHAM's theory proceeds upon à 
fancied analogy betwixt the exhalations in 
queſtion, and the ſteam which is raiſed from 
boiling water. This ſteam, and of conſe- 
quence thoſe exhalations, he conceived to be 
nothing elſe than portions of air, which, re- 
maining fixt and unelaſtic in the water while 
cold, have their elaſticity reſtored on the ap- 
plication of heat, and, accordingly riſe up- 
wards, incloſing in each bubble, a portion 
or film of water, which, being lighter than 
the air wherein it floats, is ſtill carried aloft, 
till, meeting with the ſuperior cold of the 
upper regions, it is condenſed, and, as that 
cold 1s more or leſs prevalent, falls down on 


the earth in the form of ſnow, fleet, rain, or 


miſt. This hypotheſis, however plauſible, 
has never been adopted by any, but its au- 


thor. 


ANOTHER theory is that of Mr. S' Grave- 
ſend, afterwards adopted by Muſchenbrook, 


and depends upon the comparative rarity or 


_ expanſion of ſteam. Mr. S' Graveſend pre- 


tends, that ſteam: ſent forth from boiling wa- 


ter, that is, at 212 degrees on Farenheit's 


thermo- 
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thermometer, is 14000 times rarer than wa- 

ter; whence he concludes, and with reaſon, 
were the computation juſt or accurate, that 
a heat, which is only as 32 degrees, or the 
freezing point on Farenheit's ſcale, will pro- 
duce as much vapour as is ſufficient to ex- 
plain the appearances of clouds, rain, ſnow, 
and the other phznomena. But Mr. $' Grave- 
ſend has been extravagant in his calcula- 
tion; for, by accurate experiments, water, 
which is more rarified, in the form of ſteam, 
than any other fluid, is found, in that form, 
to be only 1800 times rarer than cold 
water. 
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Tux lateſt and moſt ingenious theory that 
has appeared on this ſubject, is that of M. 
Le Roy, a Frenchman, who firſt communi- 
cated it in the Encyclopedie; though the 
ſame theory is ſaid to have been known to 
a celebrated gentleman of our own country. 
In this theory, the air is ſuppoſed to act as a 
menſtruum or ſolvent ; the ſubſtances eva- 
porated are ſaid to be diſſolved in that men- 
ſtruum. In the proceſs of ſolution, one of 
the bodies is active, the other paſſive. The 

active 
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active body is called a menſtruum, or ſol- 
vent: the paſſive ſubſtance which is diſſol- 
ved, is termed the ſolvend. Thus when a 
quantity of ſalt is put among water, it is diſ- 
folved by that fluid. The water, in this 
caſe, 1s a menſtruum. The falt is the fol- 
vend. In the ſame manner aqua fortis is a 
menſtruum to ſilver, which, being diſſolved 
by it, is its ſolvend. 


Tur phznomena are eaſily explained on 
this theory of ſolution, which, indeed, has 
ingenuity and merit. A drop of water placed 
on a table, ſoon diſappears; why ? becauſe 
from the moment of its being expoſed to air, 
a ſolution is carrying on, which is not ter- 


minated till the water is entirely diſſolved by 


that fluid. Though ſpontaneous evaporation 
does not require for its production a great 
quantity of heat, yet is that production faci- 
litated by heat. In the ſame manner, ſolu- 
tion is performed with much greater cele- 
rity, by the aſſiſtance of heat. Sugar or ſalt 
will melt or diſſove much ſooner in hot than 
in cold water. Nay,,in ſome ſolutions, when 
the ſolvend is entirely diſſolved by heat, it 


may 


may * reſtored, by allowing FE mixture to 


cool: how ? the menſtruum will drop or 


precipitate part of the ſubſtance which it had 
formerly diſſolved. Is not the ſame proceſs 
obſerved in nature, in the caſe of nightly 


dews ? During the influence of the ſun in the 


day-time, vapours ariſe in great- abundance, 
from the ſurface of the earth; or, to uſe the 
language of this theory, the watery particles 
are diſſolved by the air, which particles are 
again dropt or condenſed, and put on the 
form of dew, when the fn has deſcended 
below our horizon, and, conſequently, ceaſed 


to have any influence in promoting a ſolution | 


of this kind. 


' 


o = 


"SponTANEOUS vapour is not more pro- 
moted by heat, than by agitation, Water 
confined i in a ſmall-mouthed phial evaporates 
very little, becauſe of its light communica- 
tion with the external air. Water in a tub, 
or ſuſpended i in a ſponge, is obſerved to eva- 
porate-in great quantities. Where there is 
little motion of the air, there the evaporation 
is proportionably little. When the air is free, 
F | open, 
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open, and in agitation, the evaporation is not 
limited in this manner. This is exactly what 
happens i in ſolution, where, as in a mixture 
of ſugar and water, the ſugar is diſſolved 
with much greater facility by being ſtirred. 
| | IN this manner, to mention no- more in- 

ſtances, are the phznomena explained on the 
theory of ſolution. But to all this is oppoſed 
an inſurmountable objection, namely, that 
this evaporation is produced in greater quan- 
tities in vacuo, than in the open air. Were 
the phænomena of vapours and exhalations 
truly to be explained on the theory of ſolu- 
tion, in which the air is ſuppoſed to act as 
univerſal menſtruum, we ſhould expect that 
where air is not admitted, no ſuch appear- 
ances ſhould take place: as the ſolvend can- 
not be diſſolved without the preſence of the 
menſtruum. To this it has been anſwered, 
that it is impoſſible to purge the water ſo en- 
tirely of air, but that ſome part of it muſt re- 
main; and that if heat be applied, the air, 
that was formerly fixt, will reſume its elaſ- 


ticity, and ſo act as a menſtruum in diſſolving 
=... 488 the 
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the water, and raiſing it in ſteam. But this 
cannot be, becauſe it is always obſerved that 
the evaporation is greater, as the air- pump 
is more and more exhauſted. 
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SECTION IV. 


BODIES, in certain degrees of heat, 
appear luminous. A body, which 1s thus 
rendered luminous, is ſaid to be ignited ; and 


the effect itſelf is called ignition. 


WHarT the connection is between light 
and heat we have not yet been able to deter- 
mine. That there is, however, a connec- 
tion, is manifeſt. The ſtronger the light is, 
the more intenſe 1s the heat: and on the 
other hand, the weaker the light, the fainter 
is the heat. The ſun is much hotter than 
the moon. Dr. Boerhaave's reaſon for this 
great ſuperiority in point of heat is fanciful. 
He ſuppoſes that the rays of the ſun are more 
parallel to theearth than thoſeof the moon, and 
that their influence is conſequently ſtronger : 
but the difference of the paralleliſm of their 
rays is, in fact, ſo trifling, that it could pro- 
duce very little difference in their intenſities. 

The 
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The true cauſe of the difference in heat of 
the ſun and moon, is the ſuperiority of the 
light of the former above that of the latter. 


THz ſun is ſaid to be 300,000 times hot- 
ter than the moon—Why ? becauſe it is in- 
credibly more luminous. How faint the 
light of the moon is compared to that of the 
ſun, is obvious from daily obſervation. The 
moon, being admitted into a room lighted 
with candles, is ſcarce obſerved. A candle, 
or a number of candles, placed in a room 
where the ſun ſhines, will not only forbear 
illuminating the bodies in the neighbour- 
hood, but the flame will almoſt totally diſ- 
appear. So vaſt is the diſparity betwixt the 
light of theſe luminaries | 


THe degree of heat in which bodies begin 
to be luminous, or emit light, is thought to 
be fixed, not only to the fame body at all 
times, but to all different bodies. A number 
of. ſubſtances being put into a crucible, and 
a heat applied, which is moderately in- 
creaſed, all begin to ſhine at the ſame time; 
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and, as, the heat is increaſed or abated, to 
aſſume a deeper or fainter red. We have in- 
deed no ſufficient ſtandard for eſtimating the 
ſame or different degrees of ignition. The 
only ſtandard is the organ of fight, which is 
differently affected, as the circumſtances 
differ. A perſon coming out of a room 
full of candles into a place moderately light- 
ed, ſhall think it quite dark. On the other 

hand, one who is long confined to a: dark 
room, ſhall find his eyes dazzled on the ad- 
miſſion of light. 


 AmonG the other experiments performed 
by Sir Iſaac Newton, with a lump of red-hot 
iron, it was the profeſſed: intention of ſome 
to eſtimate the different degrees of ignition. 
To theſe degrees Sir Ifaac aſſigned different 
names, from the white-red, when the ſab- 
ſtance is taken out of the fire, to the pale- 
red, when it begins to ceaſe to be luminous. 
At the ſame time he attempted to diſcover 
the degrees of heat neceſſary to melt certain 
ſubſtances, ſuch as tin, lead, and biſmuth ; 
this he effected, by putting them on the iron, 

and 


oF HEAT ,, 57 


and obſerving at what degree of heat in the 


iron they were melted.. Succeeding experi- 
ments agree ſurprizingly with Sir Iſaac's cal- 


culations. 


THAT ignition is an univerſal effect of 
heat, may, I think, very fairly be concluded 
from the variety of bodies in which it is 
found to take place: for, although many 
ſubſtances have never been rendered luminous, 
yet would it be unphiloſophical to ſay that 
ſuch ſubſtances are incapable of ignition; 


becauſe the degree of heat neceſſary to pro- 


duce that effect is much more than ſufficient 
to ſend them off in vapour or ſteam. 


WarzR even, which is generally uſed in 
extinguiſhing fire, may, by the aſſiſtance of 
ſtrong mechanical preſſure, be rendered ſo 
hot, as to melt lead, tin, and other bodies. 
Now, according to accurate experiments, the 
degree of heat neceſſary to melt ſuch ſub- 
ſtances is little inferior to the loweſt degree 
of ignition. Water, therefore, is capable of 

ignition, and in Papin's Digeſter has actually 
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diſplay d it: and ſteam from water, has, in 
the Æolopile, been rendered ignited, as a Va- 
riety of - experiments made upon it, ſuffici- 
ently evince. 


SECTION 


OT HDAT 75 © 
SECTION V. 
INFLAMMABILITY. 


ANOTHER effect of heat, though not 
ſo univerſal as either of the former, is inflam- 
mation. This is pecular to a certain claſs 
of bodies, hence called inflammable. 


OTHER bodies tranſmit the heat which is 
communicated to them, without remaining 
one moment in the ſame degree of heat. A 
lump of iron heated and expoſed to air, ſoon 
diffuſes the heat which it poſſeſſes to the bo- 
dies immediately in its neighbourhood. This 
heat it is not poſſible to aſcettain amidſt the 
vaſt maſs through which it is diffuſed : and 
hence ſome have imagined that heat, tranſ- 
mitted from one body to another, is anni- 
hilated or deſtroyed, becauſe it is ſeldom to 
be found in the ſame quantity in the bodies 
to which it is tranſmitted, as in the tranſ- 
mitting body. 


INFLAMMABLE bodies are of this ſingular 
nature, that, when once heated, they retain | 
| | | the 


— . 
4 — 
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the heat which is imparted : and as that is, 


in part, carried off by the bodies in their 
neighbourhood, they are ſupplied from their 
own proper funds, without requiring the ad- 
dition of extraneous heat. Such is the caſe. 
with ſulphurs, foſſile coals, and bitumens. A 
very trifling cauſe too, as a ſpark from a flint, 
is able to produce ſo remarkable an effect. 


IN FLAMMABLE bodies, when the inflam- 
mation is over, are reduced to a ſubſtance 
that is of a quite oppoſite nature, being en- 
tirely uninflammable. Thus foſſile coal leaves 
behind it, after inflammation, a quantity of 
aſhes. There are ſome inflammable ſub- 
Rances, indeed, which ſeem to contradict this 
rule, and, in appearance, leave no reſidue. 
Such are ſulphur and ſpirit of wine. But 
upon nicer examination, the latter is found 
to emit a fort of inviſible vapour from the 
ame, which, by the proper application of 
watery humidity, can be condenſed into an 
uninflammable watery ſubſtance : and if the 
experiment is properly conducted, there will 
appear a greater quantity in weight of this 
laſt uninflammable ſubſtance, than of the 

original 
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original ſpirit: a fact which is aſtoniſhing, 
and abſolutely unaccountable. In the ſame 
manner, the fumes which ariſe from ſulphur 
in a ſtate of inflammation, and: are ſo noxious 
to all. animals, can, by proper apparatus, be 
condenſed into an acrid, corroſive ſalt, which 
is alſo greater in weight d than the original 
ſulphur. 


As inflammable bodies differ ſo remark- 
ably from other bodies, chemiſts have ſup- 
| poſed a certain principle in all ſuch bodies 
which regulated. their aptitude and diſpoſition 
to inflammation. This principle they have 
called by the name of Phlogiſton, or the In- 
flammable Principle ; though, perhaps, the 
Principle of Inflammability would be a pro- 
perer and more unexceptionable title. 


TraT ſuch a principle really exiſts, they 
bring many facts to evince : for inſtance, that 
an inflammable body, after inflammation is 
over, that is, when it is reduced to an un- 
inflammable ſubſtance, being mixed with 
ſome other body, ſo as to keep it fixed, and 
being expoſed to a great degree of heat, will, 

upon 
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upon the mixture of any inflammable ſub- 
ſtance, be reduced to its original inflamma- 
ble form. What is ſurprizing, and bids fair 
to impreſs conviction of the exiſtence of ſuch 
a principle, is, that the ſame effect will be 
produced, whatever inflammable ſubſtance is 
added to the mixture, whether animal, vege- 
table, or mineral. Thus ſulphur, after in- 
flammation, and condenſation of its fumes, 
is reduced to a quantity of corroſive ſalts, per- 
fectly uninflammable. Theſe, united with 
another body, and joined to ſome inflam- 
mable ſubſtance, as charcoal, will be reduced 
to its original form; that is, a maſs of ſulphur 


will be re- ne 


In ſhort, though it is perhaps impoſſible 
to bring certain conviction of the exiſtence 
of ſuch a principle, yet ſo many phanomena 
are eaſily explicable upon it, that we ſhall 
ſuppoſe ſuch a principle really ta exiſt in 
ll inflammable bodies. | 

To produce inflammation in inflammable 
bodies, it is neceſſary that heat be firſt intro- 
duced into them. The inflammation will 
not 
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not take place without this neceſſary cir- 
cumſtance; and if cold is applied in con- 


ſiderable quantities, after the inflammation. 


is begun, the effect will ceaſe, and the in- 
flammable matter be no longer diſſipated. 
Thus a quantity of water thrown upon burn= 
ing fuel, prevents it from being conſumed, 
by putting an end to the inflammation. 

Inflammation is a great promoter of .flut- 
dity and elaſtic vapour. Spirit of wine, an 
inflammable ſubſtance, retains: its fluidity a 
long time, without being frozen; and is, on 
the other hand, . eaſily converted into va- 


pour. 


To promote inflammation, the preſence of 
air is abſolutely neceſſary. — Spirit of wine, 
when inflamed, having an inverted glaſs put 
over it, where but a ſmall quantity of air is 
lodged, the inflammation ſoon ceaſes. | A 
candle that burns briſkly in the open air will 
ſoon be extinguiſhed, if an inverted glaſs bell 
is ſuſpended over it. That a change is not 
produced in the inflammable body, ſo as to 


put 
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put an end to the inflammation, is evident 
from this circumſtance, that the inflamma- 


tion will proceed in the ſame ſubſtance when 


the air is reſtored. That a change produced 
an the incloſed air affects the inflammation, 
appears from hence, that a freſh quantity of 
inflammable matter being expoſed to the 


fame air, will inſtantly ceaſe to be inflamed, 


What that change is which is thus wrought 
upon the air, in theſe circumſtances, has long 
been matter of diſpute among the learned. 
Some have delivered it as their opinion, that air 
loſt its elaſticity by inflammation ; and ſame 
ſpecious experiments have been brought to 
authorize the opinion : but it is not probable, 
upon the whole, that air ſuſtains ſuch a loſs 
of its ſpring as is pretended ; nor, were that 
the caſe, could it well account for the mat- 


ter in queſtion. Others have thought they 


explained this appearance by ſaying, that the 
air is loaded with vapours, and therefore un- 
able to ſupport the flame. A third fort more 
ingenious, have ſappoſed, that air contains 
a certain matter neceſſary to inflame, which, 
in the preſent caſe, is ſpent. This matter, 

| which 


OF HEAT. 790 
which they term pabulum ignis, is ſuppoſed 
to be an acid; as acids are violent promoters 
of inflammation. But, in confirmation 
this theory, no experiments have been offer- 
ed: on the contrary, there is found no quan- 
tity of the nitrous acid in air, which is one 
of the moſt violent in promoting inflamma- 
tion. It is moſt probable that the air re- 
ceives ſomething from the inflamed body, 
which produces ſuch a ſurprizing change. 


AR, thus changed by inflammable ſub- 
ſtances, is found to be very unfit for the pur- 
poſes of reſpiration. Affected in this man- 
ner by burning charcoal, it deprives animals 
of ſenſation, and even of life: and what is 
ſtill more ſurprizing, an air, frequently 
breathed, and rhence rendered unfit for re- 
ſpiration, is likewiſe totally unfit for inflam- 
mation. Hence the nature of this air has 
been matter of diſpute to phyſicians as well 
as natural philoſophers. 


FroM the obſervation of the effect of air 
in promoting inflammation, may be drawn 
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many uſeful concluſions: As fuel cannot 


burn without air, we can always regulate the 
degree of inflammation, by increaſing or di- 


miniſhing the quantity of air which is ad- 
mitted to enter it. 


END OF THE FIRST PART. 


PA i Ine 
GENERAL OBSERVATIONS 
ON THE 


Theories of MI X TURE. 


'T aoven ſeveral bodies are not di- 
ſpoſed to unite by mixture, as oil and water, 
quickſilver and water; yet many ſubſtances 
are capable of- being ſo intimately united, 
that the mixture, after union, appears per- 
fectly homogeneous. 


Tux effects in caſes of mixture are greatly 
diverſified. Sometimes they are produced 
ſlowly, and without any ſeeming rapidity or 
violence; thus ſugar is mixed with water 


G ſlowly 
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ſlowly into a ſyrup ; falt incorporates itſelf 
with the ſame liquor, and with ſimilar calm- 
neſs. At other times, the mixture is not 
eſſected without conſiderable violence, mo- 
tion, and production of heat. 


ExpERIMENT I. 

EqQvAL quantities of the vitriolic acid or 
oil of vitriol and pure water, of the ſame 
temperature, being put into a Florentine 
flaſk, produce a great heat on being mixed 
together, and, upon agitation, emit a quantity 
of ſteam. The heat generated in the mix- 
ture is ſenſibly felt by applying the hand to 
the bottom of the flaſk, which, in fact, is ſo 
extremely heated, that water ſprinkled upon 
it is ſent forth in ſteam. 


ExPERIMENT II. 

SPIRIT of ſal ammoniac, and the vitrio- 
lic acid mixed together, .produce violent 
commotions, and occaſion a variety of white 
fumes to ariſe. 


THERE are cafes ſtill more violent than 
theſe; in which not only a greater quantity 


of 
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of fumes ariſes, but theſe fumes break out 


into flames. This turbulent motion is cal- 


led Efferveſcence ; and bodies thus agitated, 
are ſaid to efferveſce together. 


TRE inſtances hitherto adduced relate to the 
mixture of fluids with fluids only. Solid ſub- 
ſtances, however, are frequently torn aſunder 
with the ſame impetuoſity as that mention- 
ed in the laſt experiment, and become as in- 
timately incorporated with the fluid to which 
they are joined as any two ſubſtances can be 
poſſibly conceived to be. The mixture ap- 
pears pure and perfectly homogeneous, and 
would, if no change is made upon it, con- 
tinue to conceal the ſolid in it for ever. 


As in the mixture of fluids with fluids the 
effecis in point of rapidity and violence are 
greatly diverſified; ſo in the union of ſolids 
with fluids, the degree of violence is in no 
two inſtances exactly the ſame. 


ExPERIMENT III. 
So bits of camphire being thrown into 
a glaſs containing a ſmall quantity of ſpirit 
G 2 of 
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of wine, diſappear, in a ſhort't'me, in the 
liquor, in a quite equable manner, and with- 
out any rapidity whatever. The ſpirit of 
wine, after the camphire is mixed with it, 
ſuffers no diminution of its tranſparency ; no 
diverſity of conſtituent parts being to be ob- 
ſerved by the (fight. To effectuate the mix- 
ture in a ſhorter time, the liquor may be 
agitated. Agitation, however, 1s not abſo- 
lutely neceſſary ; the camphire would diſſolve 


of itſelf in time. 


EXPERIMENT IV. 

InTo a quantity of ſpirit of falt is put a 
hard piece of ſtone or marble; a foam or 
froth is immediately excited, as if the mar- 
ble had been put into ic red-hot: and the 
ſubſtance at length diſappears in the liquor, 
without any diverſity of parts being to be 
obſerved in the mixture. The efferveſcence 
continues till it is diſſolved. 


In moſt caſes of mixture, we find it much 
more difficult to ſeparate the ingredients, or 
decompound the ſubſtance, than, from a 
knowledge of their nature, we might rea- 

ſonably 
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ſonably expect. In treating of vapour we 


obſerved that different degrees of volatility 


point out a method of ſeparating compound 
bodies. But bodies incorporated in the man- 
ner juſt mentioned are with difficulty ſepa- 
rated by volatility. A volatile mixed with 
a fixed body is not ſo eafily volatilized, as 
when in its ſeparate ſtate; and even when, by 
the force of heat, it is made to riſe in vapour, 
that vapour is not ſolely of the volatile body, 
but of the mixture. In the firſt experiment, 
where water and the vitriolic acid were mix- 


ed together, though the former, in its ſepa- 


rate ſtate, is volatile at 212 degrees of heat, 
the boiling point; yet a heat of that degree 
of intenſity will not volatilize the water 
combined in this manner; nay, perhaps, an 
addition of 100 degrees will ſcarce be ſuffi- 
cient for producing that effect; and the va- 
pour which ariſes is not of the water but of 
the mixture. In fine, the water would not be 
entirely volatilized ; ſome part of it would 
ſtill remain fixed with the acid, from which 
no force of heat could poſſibly diſunite it. 


G 3 IN 


— 2 4 by 5 
— ——_—_ RL - 4» 95.2 aw 2244 


86 GENERAL EFFECTS 


In the ſecond experiment, where the ſpirit 
of ſal ammoniac, a volatile body, is united 
with the ſame fixed body, viz. the vitriolic 
acid, the ſal ammoniac, in conſequence of 
that junction, loſes its volatility, as is evi- 


dent from its loſing the pungency of its 
imell. 


In the fourth experiment, marble is diſ- 
ſolved in ſpirit of falt. This laſt ſubſtance 
is nearly of the ſame volatility with water ; 
and if the ſpirit is ſtrong, it is more volatile ; 
yet, when it has acted upon the marble, it 
Tan bear a great degree of heat without being 
converted into vapour. 


DiFFICVLT as it is, by means of volati- 
lity, to decompound ſubſtances that are unit- 
ed by mixture, yet a third body added to 

this mixture, unites itſelf to cne of the two, 
in preference to the other, and thus produces 

a ſeparation in the compounded ſubſtances. 


To the mixture of ſpirit of ſal ammoniac, 
and the vitriolic acid, which was found to 
be void of ſmell, if the cauſtic fixed alkali be 

added, 
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added, it will join itfelf with the vitriolic 
acid, and reſtore the ſmell of the ſal ammo- 
niac, though the alkali itſelf has no ſmell. 
Water added to the mixture of camphire and 
| ſpirit of wine, will reſtore the camphire in 
2 curdy ſubſtance. Marble diſſolved, as in 
the fourth experiment, is reſtored by throw- 
ing in ſome of the cauſtic alkali, which joins 
itſelf to the acid. In conſequence of that 
junction, a white ſubſtance is formed, which 
falls to the bottom, and, upon examination, 
is found to be the collected atoms of the 
marble, 7.6 | 


AqQvA FoRTi1s diſſolves filver ; quickſilver 
reſtores it, and is itſelf diflolved ; copper be- 
ing diſſolved, reſtores the quickſilver, and is 
itſelf reſtored by the addition of lead ; the 
lead is reſtored by another metal; and this 
by the cauſtic fixed alkali, Thus a manifeſt 
gradation is going on, and ſubſtances com- 
pounded fo intimately by mixture, as to form 
one ſeemingly homogeneous ſubſtance can be 
perfectly ſeparated by the addition of a,third 
body. 
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To explain theſe facts, and others of a 
fimilar nature, various theories have been 
framed, the greateſt part of which have been 
more fanciful and ingenious than true. In- 
deed, till the time of Lord Verulam, no in- 
telligible theory had been formed upon this 
ſubject. The chemiſts of the ages previous 
to that great philoſopher, were little acquaint- 
ed with the principles of reaſoning: con- 
fined entirely to the ſtudy and improvement 
of their own ſcience, they never thought of 
attempting to explain its phænomena, by 
comparing them to fimilar phenomena in 
common life, a method which has ſeldom 
failed to end in the inveſtigation of truth. 


Wie have a remarkable inſtance of the effi- 


cacy of this ſort of analogy, in Sir Iſaac New- 
ton's theory of the heavenly bodies being 
contained in their orbits by gravitation the 


ſame power by which a ſtone falls to the 


ground. The chemiſts, familiar with no- 
thing but chemiſtry, explained its appear- 
ances from its own funds, and were even 
diſpoſed to account for common facts on 
chemical principles. Beſides the miſtaken 
reaſonings of theſe firſt profeſſors, the nature 


of 
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of the ſcience itſelf is unfavourable for the- 
ory. The phenomena are extraordinary, 

uncommon, and unlike moſt other things. 
Hence little certainty would obtain in at- 
tempting their explanation. Upon mecha- 
nical principles a rock may be moved by one 
man; — the fact is aſtoniſhing, when we do 
not attend to the mechanical powers by which 
this effect is produced: but when we exa- 
mine the inſtrument, its apparatus, and in- 
form ourſelves of the vaſt extent of mecha- 
nical power, our wonder ceaſes—and we find 
that force is increaſed at the expence of ve- 
locity. But when a rock is moved by a che- 
miſt, by the action of ſalt petre, ſulphur and 
charcoal put under it, we find it very difh- 
cult to explain how ſuch an amazing effect 
is produced — no mechanical force that we 
know 1s lodged in or exerted by theſe ma- 
terials. It is like nothing in nature. Of the 
ſame kind are all chemical facts. Lord Veru- 
lam, and afterwards Mr. Boyle, in ſeveral 
ingenious diſſertations, attempted to eſtabliſh 
a theory for appearances in chemiſtry upon 
mechanical principles. They ſuppoſed that 


the particles of bodies were differently form- 
ed 
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ed as to figure, and differently agitated, ſomg 
in a greater, others in a leſs degree, From 
this theory they accounted for all the curious 
facts with which chemiſtry abounds. Suc- 
ceeding chemiſts, particularly among the 
French, have puſhed this theory to a de- 
gree of extravagance and abſurdity, and in- 
volved themſelves in numberleſs errors and 
inconſiſtencies. They, for inſtance, pretend 
to explain the heat produced by the mixture 
of the vitriolic acid, and water in the firſt 
experiment, by ſaying, that the acid is a 
faline, heavy, inert ſubſtance, containing 
particles of fire, which, from its heavineſs, 
are reſtrained from breaking out — but that 
the water mixing with and diluting it, takes 
off that reſtraint, and produces the heat. 


THE diffolution of the marble in the fourth 
experiment is accounted for, by ſaying, that 
| the ſpirit of ſalt conſiſts of particles of the 
form of needles and wedges, in conſtant mo- 
tion through the liquor, which inſinuating 
themſelves into the marble, a porous ſub- 
ſtance, ſoon tear it aſunder. But it is evi- 
dent that here are many things ſuppoſed, for 
4 which 
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which there is no foundation. How do we 
know that the vitriolic acid contains particles 
of fire? What reaſon for believing that the 
particles of the ſpirit of ſalt are like needles 
and wedges, and in continual agitation ? It 
is indeed pretended, that the motion of atoms 
in the air, which are rendered viſible by ſun- 
ſhine, afford a very convincing argument of 
the continual- motion of the particles of the 
liquor but the motion of atoms in the air 
can be accounted for, being excited chiefly 
from the breathing of animals, and is often 
rendered viſible. Such a motion of a watery 
liquor cannot be accounted for, and is never 
rendered viſible. But ſuppoſing ſuch a mo- 
tion to exiſt, its effect would not be to pro- 
duce the ſolution—for ſolid bodies, whoſe 
particles, it is not pretended are in conſtant 
motion, have the ſame effect. Earths, which, 
in their ſeparate ſtate, cannot be rendered 
fluid, are melted when mixed with others, 
with no very violent degree of heat. Regulus 
of antimony, and mercury ſublimate, a& 
upon each other in the ſame manner. The 
higher phznomena are with ſtill greater diffi- 
gulty explained upon theſe principles. Aqua 
Teſla 
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regia diſſolves gold, but not ſilver. Aqua 
fortis diſſolves filver but not gold. The pores 
of gold, ſaid the theoriſts, are ſmall, and reſiſt 
the action of the ſharp particles of the aqua 
fortis : but are the pores of ſilver, which is 
eafily torn aſunder by aqua fortis, ſo ſmall as 
to reſiſt the action of aqua regia ? 


Mx. Langelot delivers it as his opinion, 
that the union of a ſolid and fluid depends 
upon the minute diviſion of the particles of 
the ſolid. In confirmation of this theory, he 
relates an experiment of gold diſſolved in 
pure water, merely by trituration: a piece of 
gold- leaf rubbed betwixt the hands and put 
with water into a mortar, and there ſtill farther 
beat, paſſes into a philter, where no diverſity 
of conſtituent parts is obſervable. But it is 
certain, that the particles of the gold would 
ſubſide by their own weight, in time, though 
the ſmaller the particles, the longer time they 
will take to ſubſide. Upon the whole, this 
theory of minute diviſion accounts for the ſu- 
ſpenſion of the gold only, not for the ſolution. 
To explain the phænomenon of the pieces 


of marble ſeparated by a third ſubſtance, the 
theoriſts 
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theoriſts pretend, that the fixed alcali breaks - 
in pieces the pointed particles of the aqua 
fortis, and ſo diſengages it from the marble; 
but they do not foreſee, that in this caſe, the 
aqua fortis could not be reſtored, ſeeing its 
points are blunted, in which points, ſay they, 
conſiſts its power. Vet the aqua fortis can 
be recovered entire both in quantity and effi- 
cacy. Theſe theories are plauſible, but in- 
ſufficient. The laſt and moſt generally re- 
ceived theory, is that of Sir Iſaac Newtan, 
| who has extended the doctrine of gravitation 
to explain chemical appearances. In his 
ſyſtem of the univerſe, he accounts for the 
heavenly bodies being retained in their orbits, 
upon the ſame principles by which a ſtone 
falls to the ground. To this power he gave 
the name of attraction. He afterwards ob- 
ſerved, that there were other forces in na- 
ture of the ſame kind, as the action of the 
magnet; the effects of electricity, ſome times 
attracting, ſometimes repelling ; of tranſpa- 
rent mediums on the rays of light ; and the 
attraction of liquors in capillary tubes. In 
his further reſearches, he diſcovered, that the 
ſmall particles of bodies act ſtrongly upon 


each 
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each other. This power he called coheſion . 


Two pieces of marble finely poliſhed, applied 
to each other, are with difficulty pulled aſun- 
der: this obtains both in air and in vacuo. 
The fame thing happens in the ſofter metals. 
Two pieces of lead having their ſurfaces cut 
clean, and twiſted with ſome force, will ad- 
here as ſtrongly as if united together; From 

the conſonancy of nature in all her operations, | 
Sir Iſaac ſuſpected that chemical facts de- 
pended upon ſome ſuch attracting power. 
He has delivered his ſuſpicions upon this head 


very modeſtly, and at great length, in the 


end of his Treatiſe on Optics. The ſubſtance 
of what that great philoſopher advances is as 
follows: that when two fluids mix with 
rapidity, motion, the production of heat, and 
ſometimes of flame, theſe effects are in con- 
ſequence of a certain ſpecific attraction be- 
twixt the particles of the two fluids. As this 


attraction is greater or leſs in different fluids, 


the appearances are different; the ſubſtances 
tuſh through each other with greater or leſs 
impetuoſity ; and when the friction or colli- 
ſion is very great, we need not wonder that 


heat and even flame ſhould be produced, as 
theſe 
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theſe are commonly the conſequences of vio- 
lent collifion. Again, when a ſolid body is 
torn aſunder in a violent manner by a fluid, 
the attraction betwixt the particles of the 
fluid and ſolid is ſtronger than that of the 
particles of the ſolid, by which its ſolidity is 
preſerved. When a volatile body, united with 
a fixed, loſes its volatility, as ſal ammoniac in 
the ſecond experiment, united with the vitri- 
olic acid, loſes its ſmell ; this effect is pro- 
duced by a very intimate attraction between 
the volatile and fixed bodies, as is evident, if 
we conſider, that volatility is a repellency 
among the particles of any body, by which 
they are diſpoſed to fly off in vapour. Now, 
when a fixed body is united with the volatile, 
this repellency is prevented or deſtroyed : 
How ? Certainly by ſomething oppoſite in its 
nature to repelleney, that is, an attraction be- 
twixt the particles of theſe two bodies. Thus 
the diminution of volatility in chemical facts 
of this kind, is a ſtrong argument for the 
theory of attraction. Laſtly, when a ſepara- 
tion is effected betwixt two bodies that have 
been combined by mixture, by the application 
or addition of a third, is it not manifeſt that 

the 
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the attraction betwixt that third body and one 
of the united bodies is ſtronger than that 
which operates in preſerving the union of the 
bodies ſo combined ? 


Svcn are the great out- lines of the theory 
of attraction, which is certainly ingenious, 
eaſy and ſimple, and was received by the learn- 
ed, from its firſt appearance, with the higheſt 
pleaſure and approbation. Tt is accordingly 
the only theory which is almoſt univerſally 
received at this day. Objections, indeed, 
have been ſtarted by the French and German 
chemiſts. The former wedded to Deſcartes, 
and the mechanical philoſophy, were little 
inclined to give into a theory which claſhed 
ſo ſtrongly with their favourite opinions. 
They objected to Sir Iſaac, that he conſidered 
attraction as ſome connecting material ſub- 
ſtance, notwithſtanding his repeated aſſertions, 
that he did not mean by attraction the cauſe, 
but the forces themſelves. The French phi- 
loſophers have Sv the term affinity, in 
place of attraction; and accordingly, that 


term is to be found in moſt of their writings. 
It is, however, highly improper, as ſeeming 
to, 
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to intimate a ſimilarity betwixt the bodies fo 
united, which does not, in fact, exiſt. What 
reſemblance is there betwixt filver and aqua- 
fortis; marble and the ſame liquor; and ſo 


of others? | 


$5 


Tur German chemiſts oppoſed the theory 
of attraction on different principles, but with 
ſimilar ſpirit. Enemies to theory, and aſſidu- 
ous only in accumulating facts and experi- 
ments, they were diſguſted at the extravagant 
lengths to which this theory has been puſhed 
by ſome of our own countrymen, particularly 
” Dr. Friend in his Chemical Lectures. 


CHEMICAL ec differ from thoſe of 
gravitation, magnetiſm, and electricity, in that 
they do not act between large maſſes of mat- 
ter, but betwixt the very ſmall particles of 1 

bodies; I ſay, the very ſmall particles, for 
the minuteneſs of the parts of bodies is ſo ex- 
quiſite, that it goes beyond imagination to 
conceive. 


K EXPERIMENT 
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ExPERIMENT V. 


A MINUTE grain of ſalt of ſilver put into a 


large bottle of diſtilled water, is diffuſed 


through every drop of the liquid. To be 
convinced of this, we need only put into the 
mixture a ſmall quantity of ſpirit of ſalt, 
which has an electric attraction to the ſalt of 
filver; and a fine whitiſh ſmall duſt is im- 


me diately formed, which diſturbs the tran- 
ſparency of the liquor. A little of the ſame 


ſpirit put into the water in its pure ſtate, has 
no ſuch effect. That the ſilver is diffuſed 
through the whole liquor is manifeſt from 
this, that each drop, examined by the mi- 


croſcope, is found to contain a ſmall minute 


portion of the ſilver. Nay farther, the ſalt 
of ſilver conſiſted of the ſame number of mi- 
nute particles, before immerſion, actually 
divided; for the aqua fortis divided the ſilver 
into the minute parts juſt mentioned; ſilver 
itſelf put into water would not be divided in. 


the ſame manner. 


As chemical attractions act only between 


the e minute particles of bodies, their in- 


fluence 


fluence reaches to a very ſmall diſtance, and 

is quite imperceptible by our ſenſes. Thus, 
to incorporate brimſtone and quickſilver, it is 
not ſufficient to reduce the firſt mentioned 
ſubſtance to the form of duſt, and to pour the 
quickſilver upon it; they muſt be grinded to- 
gether with great pains, and for a long time, 
till they are reduced to a powder of a black 
colour, 
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R UL E 8, ox CANON 5, 


For ęffecting CHEMICAL OPERATI1oNs. 


I. TO make two bodies act upon each 
other, it is neceſſary that one or both ſhould 
be fluid, or be diſpoſed to fluidity. Two 
fluids a& upon each other almoſt inſtantane- 


ouſly. 


ExPERIMENT VI. 

SAL ammoniac, which contains volatile ſalts, 
has its volatility ſuppreſſed, when united with 
a ſaline ſubſtance. Salt of tartar, which has an 
elective attraction for the ſaline ſubſtance, be- 
ing mixed with the compound, both dry, no 
effect is produced, nor probably ever would 
be produced, if the ſubſtances are kept free 
from moiſture. The ſmell of the ſal ammo. 
niac would be reſtored, if a ſeparation took 
place ; but there is no ſuch ſeparation. The 
orains of the falt are quite diſtinguiſhable 
from each other; no compoſition or intimate 
union takes place : How then is the ſeparation 


to be effected? By pouring a little water upon 
| the 
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the ſalts, which ſoon renders them liquid, 
diſpoſes them to act upon one another, and 
by reſtoring the ſmell of the ſal ammoniac, 
demonſtrates that it has produced the ſepara- 
tion required. 


EXPERIMENT VII. 


Sal of tartar and ſalt of amber, mixed 
while dry, produce no effect; a little water 


diſpoſes them in like manner to act, and ex- 
cites a ſtrong efferveſcence. It may be aſked, 
How fluidity diſpoſes bodies to act in this 
manner? The anſwer to ſuch a queſtion is by 
no means obvious. Perhaps, fluidity brings 
the ſmall atoms of ſuch bodies into cloſer con- 
tat, and thus diſpoſes them to unite with, 
and pervade each other. 


Canon II. When we deſire to haſten the 
ſolution of a ſolid in a fluid, the folid muſt 
be divided mechanically, in order to have its 
ſurface enlarged ; in other words, the ſub- 
ſtance muſt be reduced to powder ; or if duc- 
tile, as moſt of the metals, be beat out into 
thin plates, for the purpoſe of being more 
eaſily pervaded by the fluid, which acts upon 

H 3 | the 
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the ſurface, as it is there in cloſe and intimate 

contact. Gold melted and poured into cold 

water, forms itſelf into a 'number of ſmall 

globules, which are more eaſily diſſolved than 

the ſame ſubſtance would, if immerſed into 
the fluid in a larger form. | 


CANON III. To promote ſolution, mode- 
rate heat is neceſſary. Though it cannot be 
explained, heat not only diſpoſes bodies to 
mix more readily, but in greater quantities, 
increaſing both the celerity and power of the 
ſolvent. Thus, water when heated diſſolves 
a greater quantity of ſalt than when cold; 
the exceſs precipitating itſelf, when that fluid 
is allowed to cool. Farther, a certain di- 
minution of heat will deſtroy the efficacy of 
| ſome chemical attractions altogether. Thus 
water at 32 degrees below o will not diſſolve 
falt ; and if the ſalt has been previouſly diſ- 
| ſolved in the water, it will, in ſuch circum- 
ſtances, ſeparate. Hence the ule of digeſtion, 
circulation, and cohobation, chemical pro- 
' cefles which depend on the efficacy of heat 
in promoting mixture and the combination of 
bodies, | 

WHEN 
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Wurd a ſolid is diſſolved in a fluid in a 
veſſel, by the aſſiſtance of a gentle heat, the 


proceſs is called digeſtion. When the heat 


is ſo ſtrong, or the time of digeſtion- ſo long, 
that vapour ariſes from the ſubſtances, which 
is by proper apparatus, condenſed and reſtored 
to the evaporated mixture,, the proceſs is 
called circulation. And laſtly, when the 


vapour is not condenſed into the ſame veſſel, 


but received into a lateral veſſel, and by the 
operator poured back into the- veſſel from 
whence it aroſe, the proceſs is termed by a 
barbarous word, cohobation. Theſe pro- 
ceſſes are of great utility. Saline liquors, 
which do not operate on the metals in ordi- 


nary circumſtances, will operate on them by 


means of a gentle heat continued for a long 
time. 


Tux moſt curious of all the chemical at- 
tractions is that which 1s obſerved in the ſepa- 
ration of a compounded body by the addition 
of a third. The caſes of this ſort are nume- 
rous and greatly diverſified. The body which 
is added in order to decompound the other, 
may have an attraction for both the ingredi- 
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ents of which the compounded body is com- 
poſed ; yet will it join itſelf with that ingre- 
dient for which it has the ſtrongeſt attrac- 
tion. This can be rendered evident by unit- 
ing the ſame ſubſtance to a body which it at- 


tracts but weakly, and then throwing in an- 
ether body for which it has a ſtronger attrac- 


tion. The weaker will immediately be ſe- 


parated, and the ſubſtance laſt thrown in be 
united with that for which its attraction is 


comparatively ſtronger. Attractions of this 
kind, from the choice that appears in their 
operation, are ſtiled Elective. That theſe ap- 
pearances depend upon a ſuperior attraction 
is farther manifeſt from this, that the laſt ſtep 
in the gradation or election is always found 
more difficult to decompound by heat. Separa- 
tion by heat or volatility is accompliſhed with 
leſs or greater facility, as a greater or leſs at- 
traction takes place. 


Ms. Geoffroy, ſen. has reduced inſtances of 
this kind of elective attractions into the form 
of a table. Thus, in order to expreſs the 
comparative attraction of aqua fortis to the 
ſeveral metals, he has conſtructed a column, 

: at 
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at the top of which 1s placed aqua fortis— 
then the ſeveral metals according to their 
ſuperior degree of attraction. 1. Zinck. 
2. Iron. 3. Lead. 4. Copper. 5. Quick- 
_ * vfilver. 6. Silver—that is, filver has a leſs 
attraction for aqua fortis than any of the 
metals mentioned before it; quickſilver has a 
ſtronger attraction than ſilver, but leſs than 
any of the others. Silver then may be ſepa- 
rated either by quickſilver, copper, lead, $ 
iron or zinck. Quickſilver may be ſeparated A | 
by copper, lead, iron, or zinck. Copper | 
by lead, iron or zinck—and ſo of the reſt. | 


Tris method, however ingenious, has 
been objected to by chemiſts as falſe and er- 
roneous. The errors that are chiefly inſiſt- 
ed on, ariſing from an improper arrangement 
of ſeveral of the articles, are not very mate- 
rial: though perhaps every ſuch calculation 
mult ſuffer from this circumſtance, that the 
force with which a particular body acts upon 
another is not always preciſely the ſame. 


A coMPouND of two ingredients added to 
another compound produces two compounds 


totally 
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totally different from what they were before. 
Such attractions are called Double Elective 
Attractions, and by the French, Double Affi- 
nĩties; they are of great utility, as we may 
often obtain, by their means, and with no 
additional trouble, two powders inſtead of 
one. 


Fur RR remains but one remark upon this 
ſubject, which, though curious, has been 
but little attended to. It is this; when two 
bodies are united, their bulk, in this com- 
bined ſtate, is different from the ſum of their 
bulks, when ſeparate; being ſometimes leſs, 
often greater — ſcarce an inſtance occurs, 

where the bulk before and after combination 

is exactly the ſame. Mr. Lewis, in his cu- 
rious experiments on the mixture of platina 
with other metals, paid particular attention 
to this circumſtance ; as did likewiſe M. de 
Reaumur of the French academy, with whoſe 
accurate and deciſive experiment on this ſub- 
ject I conclude this part of the eſſay. Having 

taken a veſſel of the ſhape of a thermometer, 
and filled it half full of water, he poured ſlowly 


Apen it a little ſpirit of wine, which being 
lighter 


: \ 
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lighter than the other fluid, floated upon its 
ſurface. He then inverted the veſſel, with a 


view to produce a mixture, and allowed it to 


ſettle till the gentle degree of heat, occaſion» 
ed by the union, ſhould be diſſipated. After 


ſettling, he found, by means of a mark which 
he had made in the neck of the veſſel, that 
the liquor ſtood much lower than before the 
ſpirit began to incorporate itſelf intimately 
with the water. 
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Far NM and Us E of the VESSELS 
That are employed in conducting 


CHEMICAL OPERATIONS. 


F ſuch veflels as we nahi with, were poſ⸗ 
fible to be obtained, we would defire them 
to be poſſeſſed of the following properties. 


1. To be tranſparent, ſo as we could ſee 


clearly what effects are produced on the ſub- 
jects. 2. To be unaffected by any ſolvent 
that is put into them, which by its activity, 
might corrode them. 3. To bear ſudden alte- 


rations and viciſſitudes of heat. 4. To be 
ſtrong, ſo as to be in no danger of cracking, 
and breaking. 5. To endure a violent heat, 


without melting. 


As veſſels poſſeſſing all theſe properties 


are not to be found, we are obliged to em- 


ploy 


1 ſuch as have the greateſt number, or the 
moſt eſſential of them. Such are glaſs, me- 
tal, and earthen-ware. Glaſs poſſeſſes the 
two firſt properties in a conſiderable degree. 
The fourth and fifth it fails in, but moſt in 
the third. Sudden alterations of heat never 
fail to break the glaſs expoſed to them. As 
glaſs poſſeſſes a little flexibility, eſpecially 
when thin, it is always found more conve- 
nient to employ thin glaſſes for the purpoſe 
of chemiſtry, as the heat applied to a part 
of the ſurface naturally expands it, and di- 
ſpoſes the parts contiguous to expand in like 
manner, which, when flexible, they will do, 
with little difficulty. Thick glaſſes are not 
flexible, and therefore are more apt to break 
than thin ones. The glaſſes, however, though 
thin, ought to be made as ſtrong as poſſible. 
Glaſs, if cooled haſtily, is apt to break. 
Bubbles of this ſubſtance thrown into water 
ſplit in a thouſand pieces. Drinking glaſſes 
are apt to be broken from trivial CIFCUM= 
ſtances ariſing from the ſame cauſe. 


METALLIC veſſels have no properties in 
common with glaſs, but bear ſudden alte- 
rations 
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rations of heat, and may be made to endure 
a very violent degree of it. The moſt com- 
mon metals employed in this way are iron 
and copper. In moderate heats, lead and 
tin; where a great heat is required, gold. 


EAaRTHs may be ſaid to have none of the 
five above mentioned properties but the laſt, 
namely, a diſpoſition to endure violent heats 
without melting. Some earths, indeed, there 
are, that are not corroded by an active ſub- 
Nance ; but this is not a general property. 
The baſis, in general, of earthen veſſels, is clay, 
which has the properties of ductility when 
moiſt ; ſolidity and firmneſs when burned. 


Y Clays are either pure, as that of which pipes 


are made, or impure; theſe laſt melt and vitrify. 
Clay uſed alone gives cloſe denſe veſſels, but 


when ſuddenly heated, ſuch veſſels are apt to 


crack and break; to prevent this effect, the clay 
muſt be mixed with a ſubſtance which does 
not expand when heated. Such a ſubſtance 
is ſand - accordingly ſand is employed in this 


way. The greater quantity of ſand that is 


added to the clay, the matter becomes leſs 
apt to crack: but what is thus gained in 
' 1 point 
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point of ſtrength, is loſt in point of ſolidity 
and cloſeneſs. Where the moſt perfect cloſe- 


neſs is required, the beſt material is porce= 


lain, which is a compoſition of clay and ſome 
other ſubſtances united in the moſt intimate 
manner. Burnt and pounded clay, added to 
freſh clay, has been found to anſwer the pur- 
poſe very well. Black-lead often goes to the 


compoſition of earthen veſſels, where the 


action of the fire to be reſiſted, is ſtrong. 


Taz form of all theſe kinds of veſſels is 


different, according to the uſes for which 
they are intended. We obſerved above, that 


to diſpoſe bodies to act upon one another, 


they muſt be fluid, or rendered ſo, and that 


either by fuſion, evaporation, or ſolution. 


For each of theſe operations, certain veſſels 
are appropriated. Thoſe for fuſion, are term- 
ed crucibles. Becauſe expoſed to violent 


heats, they muſt be of earth. Their form is 
conical, wide at the mouth, and narrow at 


the bottom; becauſe mixtures which are ſe- 
parated by the addition of a third ſubſtance, * 
require that the ſeparated ſubſtance ſhould 


- form one entire maſs at the bottom, to which 


the 
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the conical figure of the veſſel determines it. 


This ſort of ſeparation of metallic ſubſtances 
is called Precipitation, and, to diſtinguiſh it 


from other kinds of precipitation, Precipita- 
tion by Fuſion. Crucibles are pinched at top 


into three corners for the conveniency of 
pouring the matter, when fluid, into another 
veſſel, which is generally of braſs and iron, 
and more conical in its figure. Crucibles 


have no covers, a circumſtance which proves 
frequently inconvenient. When it is neceſ- 


ſary to exclude the air, chemiſts are forced to 

invert another crucible into that which con- 
tains the ſubjects, or to lute them with ſand 
and clay. 


THERE are two kinds of crucibles with 
reſpe& to materials, the one of clay and looſe 


ſand mixed, called the Heſſian Crucible; 
the other of black lead, and a ſmall propor- 
tion of clay, called the Auſtrian Crucible. 
Where a violent heat is required, the outſide 
of the firſt kind of crucible may be paſted 
with ſand and clay,. or it may be put within 
a larger crucible, and the' interſtices cloſed 
up with theſe materials. For leſs violent 


= | degrees 
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degrees of heat, other veſſels may be uſed : 
as for melting lead, an iron veſſel ; for 
melting ſome ſaline ſubſtances, 4 glaſs veſſel; 
and ſo of others. 


Wren in volatilizing bodies, the vapour 
is allowed to eſcape as uſeleſs, the proceſs is 
called Evaporation, as was formerly obſerved. 
If the ſubjects are water, and ſome body that 
has no corroſive quality to metals, a pan, or 
ſome open metallic veſſel of that kind may 
be uſed. If one of the ſubjects is corroſive 
to metals, glaſs and porcelain are proper. 
A globular figure converging to a narrow 
mouth is the apteſt, as a retort. In evaporat- 
ing metallic ſubſtances, as quickſilver and 
regulus of antimony, crucibles are uſed. 


Di1sTILLATION, where the vapour is pre- 
ſerved, is performed three different ways. 
Theſe are termed Diftillatio per deſcenſum ; 
Diſftillatio per aſcenſum; and Dzſtillatio per 
/atus. In the firſt, heat is applied above the 
ſubject, and the vapour condenſed below. In 
this manner is oil produced from cloves. 


The cloves placed over a veſſel, as a ſtone 
1 decanter, 
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decanter, have a plate of metal placed over 
them, to which the heat is applied; the 
fumes being condenſed downwards, by means 
of the cold air, or water in the veſſel. The 
manufacture of tar is conducted in the like 


manner. This method, however, is not in 


general uſe. 


In the ſecond, Diſfillatio per aſcenſum, the 


vapour 1s allowed to follow its natural courſe 


upwards for ſome time, and is then directed 


aſide, where, by means of proper apparatus, 
it is condenſed. Various veſlels have been 
contrived for this purpoſe. The common 
copper-ſtill, - too well known to require a 
particular deſcription, is moſt generally in 
uſe. The ſerpentine pipe for directing the 
vapour aſide is immerſed into a veſſel of cold 
water, which condenſes the vapour, as it 
paſſes through the pipe. In rectifying ſpirit 
of wine, or freeing it from - water, the ſpirit, 
from its ſuperior volatility, riſes firſt. To 
prevent this from being condenſed with the 
ſpirit, a tall ſerpentine head has been pro- 
poſed to be added to the ſtill, through which 


the vapour pafling before it entered the pipe, 
might, 
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might, in its paſſage, be decompounded; 
the denſer part falling down into the veſſel, 
and the ſpirit only being volatilized. This 
intended improvement, however, has not 
been found to anſwer, The common copper- 
ſill is ſufficiently proper in all caſes where 
no corroſive ſubſtance is put into it. Where 
the ſubſtances are acrid, glaſs veſſels muſt be 
employed. Such are the veſſels called Cu- 
curbits ; which, when compleat, have capi- 
tals or alembics. A pipe iſſues from the 
veſſel, for condenſing the vapour which is 
received into a phial applied to the pipe. 
The head is generally adapted by receiving 
the top of the cucurbit. It has, however, 
been found more convenient to conſtruct 
theſe veſſels ſo that the cucurbit ſhall receive 
the top of the head ; becauſe, in the former 
conſtruction, ſome of the ſteams- ſettling at 
top, fall down in little drops, and waſh away 
the luting. In the latter method, the con- 
denſed matter falls down into the veſſel con- 
taining the ſubjects. The cucurbits require 
to be higher where the ſubſtances are more 
volatile; where leſs volatile, they may be 
lower. „ een JEONG 
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Tux moſt convenient method, however, 
of diſtillation, is that which we termed, per 


latus; and this is performed in a glaſs veſſel 
called a retort and receiver. Here the vapour 


is not allowed to aſcend at all, but imme- 


diately directed aſide. The veſſel is very 
ſimple, conſiſting only of one juncture, that, 
to wit, of the retort and the receiver; the 
cucurbit, on the other hand, has three joints. 
The retort, as well as the cucurbit, may be 
conſtructed of different heights for different 
purpoſes. For particular operations, eſpe- 
cially where a violent ebullition is excited in 
the mixture, chemiſts have their retorts open 
at top, with a piece of glaſs fitted to the 
opening, which they can remove occaſion- 
ally. But there are very few caſes, where 
ſuch a convenience is wanted. Sometimes, 
in violent ebullitions, we are obliged to pour 

in but little at a time, leſt the violence of the 
mixture ſhould endanger the veſſel. 


WHEN retorts are open at top, they are 
called Tubulated Retorts. Receivers are ge- 
nerally ſpherical, converging into a narrow 
cylindrical mouth. This figure is not ſo 

| convenient 
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convenient as the conical. Receivers have 
been contrived with an opening at the upper 
ſide to ſuffer ſome elaſtic fumes to eſcape. 
Theſe are called Tubulated Receivers, and 
are exceedingly troubleſome to manage; 
large-ſized receivers anſwer the purpoſe 
equally well. 


RecxiveRs are ſometimes furniſhed with 
a pipe at the under part, for ſeparating the 
different products of the diſtillation. Such 
are called Spout Receivers. The ſame thing 
may be effected by taking off the receiver, 
and applying another. The receiver is ſome- 
times bored towards the back part, about 
one-tenth of an inch diameter, which is 
opened ocaſionally, when the ſteams are too 
ſtrong to be confined. To give ſcope for the 
condenſation of very volatile fumes, we make 
uſe of what are called Adopters, which are 
receivers joined to other receivers. The Mu- 
riatick Aether is prepared in this way. 


RRE TORTs ſerve for different diſtillations, 
in an ordinary heat only: beyond that at 
which bodies grow red, glaſs begins to melt, 

| and 
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and is therefore inſufficient for being em ploy- 
ed in veſſels. If the glaſs, indeed, is coated 
with clay and fand, the veſſels may be ren- 
dered ſtronger, and able to undergo a violent 
heat. A Florentine flaſk, thus coated, will 
endure a very great degree of heat: for, tho 
in this caſe, the glaſs becomes ſoft by a red 
heat, yet its form is preſerved by the coat- 
ing. But if the degree of heat is very in- 
tenſe, we muſt uſe retorts of earthen ware ; 
and, in ſome caſes, iron retorts are proper. 


- In fublimation, where the product is a 
ſolid, the cucurbit is often uſed, with a blind 
head, that is, without a pipe ifſuing from the 
head, which is not neceflary, as no fluid is 
to be condenfed. A retort, however, is more 
commonly employed with a ſhort and wide 
neck. I fay wide neck, becauſe in narrow- 
necked retorts the ſolid matter would be 
collected in a mafs, without paſſing into the 
receiver; hence the neck would be clogged, 
and often liable to be burſt. The conical 
receiver here too is to be preferred to the 
ſpherical. In many cafes, the matter ſubli- 


med is remarkably fixed, and therefore does 
not 
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not riſe high. For theſe purpoſes, oblong 


veſſels, as Florentine flaſks, are proper, and 
even common phials. Allodials are in ſub- 
limation, what adopters are in diſtillation. 
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